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Irot orHV. Tlie niuiuM iral »u i ansrenw'nt h S J +2 I ' 4 V «H H ^ i>, «ii <pom'd 
thus — S.-+; 1 *;: Ihftwol Iiuls nlsnn atliulad 

bi^liftrupliian the din i U\u, tin Join p< falnnu in » mivI wlioil LindlfV 
' lahnsn^yud tin ^iv s|uiu«n'< «> biJ»>iit,m t) two cii hs of 

1 wliiili li two Htinioii-' Hboilnn, w I ilo till inni i 

ulh stiuiil siiv'lt biloit till j mi pitals li 
nu to bt" K^iulul i*- ibntivi dam hn, ^/ imh i» 
<1110 imlh uus 1 Msi m Jiihimtint Pnoff^lmnHmy 
ills si iiid up}Ksiti t\\osi]u 1 h ukI t rm a null with 
< IIS but till I appi ills to Ik is hi in\ ns i\ inds lu 
u liini iiM 'o th( \i<otH)<i »l lb I st nmii tl ( III hh as 
11 ( Ml /iu<n)n((t po/f/ifti tins It IS bn n m t w itli, wi nniy 
pi l)t (aidolh, Moqu ii-i 111 loll, nnd "Wi bb ii^ irdid 
/snoinnlh inn, tin jiuns b uu fomind by thni'ns As to 
tilt < Bti. It w ixplniad as bi iii^r loiiiposid of two ( nip. In with a 
Fpiiiious ib'-ipini lit tin sli^iuis oppo-iti tin jilnmitns Idu tlios© 
of /V//W 7 Mr, bnnjr (lonbli md i oiiinosid ot a li.dl tioiii (aili (Ripil, jUflt 
ns th« pliirintns an 1 In lut ttiat 1 mi iiu]>ils mi Miinotjiiiin iotind 
111 111 list rosid, s, and nil i onstimt m tiu n s ntHnnhoH nii leU iiidi- 
cal s i u tiiiii to a sviiiim tix il ronditiun, n Imnily ml liind with by 
Mippii s-*i()ii of two f iipi Is 111! most i fuit vuws as to tb* Htiuctim of 
thi flow, I au Ihosi of 111 hill wlio alliiinsllu im ofdioiiMnfii the 
Ion/ stain n Ills n >ti m is that thi fl »w is of t riK ib is consist of two 
inttio-postmoi stpds, iwolatinl oms, jimr pilalh cioshidk tho latoinl 
sepuU uia/( llall^; two kit ml ahoit stiimanH two aiitiro-poataiior long 
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Rev. (i. II onflow tliat the orijrinal type was not binaiT or 

qiiattTDfU'v as ^re.iierally mn'iiden'd, hiit quiiiarv, the fifth ineinher of 
oaeh quintMirieially ai’ra[iLr«‘d whorl bein^ 8uppr«'sse<l. As a rule (,h’ucifers 
have 1)1 the adult condition bnictloss flowers ; a few species have bracts 
iiorinMlly ; and they wunefiiiioH occur as abnormalitirs, and ium) then phicod 
at the base of the pedunch-s, or einerjre from the side of tiiein, owing* to 
imperfect detachment of br.ict and pedici-l, and consequent iipliflinor or 
disphuMunent in course ot growth. Subuhiria lias perigAJious stamens 
springing from a enp-shaped n“erpiacle. The fruits of d/e/v’s/V/ and 0‘cn- 
coccHs ripen under ground. 'I’lie long hlMint‘iis of Atelauihvra liave 
1 -celled anthers. In Sfnyiitmi/mXf and some spec^-'s of /V//n, the long 
staineii.s are eoniiate iti p:.ii'>. 

Distribution. — 'I’liis large Order is very natiiifd, and, a.s ii^milly hap- 
pens in sueli eases, t lie genera ar-' very dillienlt to define, 'file species 
are most abiindaid in temptoatn and cold climates, and seldom found 
otherwise than on inoiintains in the Irnpi^'s. 


anrt Usos. -The general eharaeter is antiscorhiitic, the watery 
jnicola^ig often pmiiicnt and iieejisionally acrid. 'I’he seeds yield 
oil, AvhieTr is eofUained in their <‘otylid(ms. J»v cull ivjil ion the acrid 
juices hecoine milder, and the struetiire.«. are eii-»ily made very snecnlept, 
from ahnornnd <le\elopment <jf pareiieliyimi. I laler fhcM! eonditions they 
hecoine \alnahle t'senleiifs. either in their roots, as (he Turnip (Jtnmira 
liapo), their stem and leaf-siallvs, as Seji-hah* ( Cnunbr nutrifitna)^ their 
Hleiii, lea\es, or uii(h'\ eloped iidlor<*.sceiice, jis Kohl-rahi, ( 'iihhag'es, 
(irec'iis, Kah‘s, \c, in all tlieir varn tie*,, ami ( -aulillower and IlroceoH, all 
apparently deriNed from limssini olmwrtt by cnliivaliuii. Jtras'iint 
Rape or (^)I/a, is nmst \aluable on aceimiif iif tlie oil in its seeds, 
ami ils oil-cake as fbnil f»»- cattle. Tln‘ Swerle 'I'nrnip is s»ip]>r>s(>d tn bo 
a li\ brid between 7i. mnipr.st/is .iml 7>*. Jinpa or Xnpus. liac!i>hos ( /?«- 
phatiHs I loive-^radi-h { Annonu io ruafit (dui)^ art* enltiiati'il on 

uccoiinl of their pnngenc\, a.s are alM) the herb sind, still more, tin* .s» eds 
of the Mu.stards, and nipnt, the hitter of which \iehls the 

5 roper tahle-iiuislsird .seed, ^Vat^‘r-<*ress (Xa^furhuift arid (bn- 

on-cress {^Lvpuliuni aafirmii) are jiungenl sahid-plants. Jmfis tineforia 
and a (’hinoso s])eeies, I. h/f/u/ofirtr, Aiehl a blue die fmm tlu'ir .'^tlicles. 
Many of the Crncifer.e are remarUabie for containing siil}>hnr compounds, 
both in the sei>ds and in llie herbaee, whence tlie disagreeable smell of 
waU'i* in which they havi* heeii boiled, or e\e!i ot the hniised fresh plant 
of some, as Kn/dtnunt AlUaria. Oil of Mustard, obtained by niacerjiting 
(he .seeds of Hlack Mustard in water and distilling-, is vioh‘utlv acrid. 
Many of the genera cited in the list above are re]iresi*uted hv common 
wild plants in this comifry, the ri*st are fnmul in most gaixleiis 
is the Stock, Chviranthm C/iciri the W’ullfloAvt'i-, &c. 


GArrARTl)ACJ»!.E are herbs, ahniKs, or rarely trees, witli alternate 
simple or lohed exstipnlate lenve^ ; cruciform flowers; sbimen.s iminer.ma, 
or, if n, not tetraduiamoiis, on a disk, or with an intornode, separating 
them from the corolla, and a l-c<dled pod or hurry Avilh !2 or more parietal 
placentas; set^d.s rtmiform. aperi.^permic.^-IlliLsirative Oenera: Tribe 1. 
Ch.KOMK.’K. Fruit capsular : Cfeome, DC. ; Pofauma, Raf. Tribe 2. 
Cappaui:.^. Fruit baccate : Cadabnj Forsk. ; Capintris^ L. 



AAnltles, fto. — ^Tliis Order is closely related to the Crucifcrff), both in 
strnctui«j and proj)ertk»«, being distinguished chieilj’ by the stamons, 
whi(‘h are mostly indefinite, or which, when only six in number, are very 
rarc.ly tetiadynnmous, and by the slipi tale ovary. Tim parietal plaoentjis 
and the disk ally them to the Ileaedact'ir, which likewise ha\e kiilni'y- 
shiiped aperispt'rinie seeds ; there is a more distant nfliiiitv ti> the Jli.vaeeje, 
wliicli hii\ e perisperiuie S(*r‘d8. The deveh)]>nient <d’ the internodt?s between 
the eirides of floral organs is a striking character in various C’appari- 
daccie : in Clvome and Capparis the tbalainus has rather a discoid deve- 
lojmieiit below the stmnens, the ovary being stalked : in (iyn<mdnt]}sU and 
Ciuhiha there is a sUuk-like prolongalitm of tlu' thalaniuH between the 
corolla ami stammis and between the stamens ami the ovary. This struc- 
ture connects the plants in some degree witli Passiflonmein. In some 
speci(\s of MffHMy moreover, there is a corona’' liloi that of rassion- 
liowi:rs. Jji tillier genera the recejitaele is (h‘vido])ed into a more or less 
fleshy or glandular disk. In Pltt/soHtrjiion the stuimMis are curious, the two 
or foiir posterior ones having tin* filaments inlhiled or swollen bek*"??*c?he " 
iinlhers. Kichlor d«‘.-crihes the de\eh»pment »)f the amlireciiim As show- 
ing that there are two whorls of stamens, each primarily eohsisting of 
two. first tw’o lateral, then two antero-p«»steiioi‘ tubercles, whieJi subse- 
quently subdivide into numerous filaments. 

Difitribntioxi. — The species are somcwJjiit numerous in the tropical 
.subtropical regions of the world, espcchdly in Africa. 

Qaalitics and Usos. — There is great agret‘ment with tlm Criicilerro; 
hut iuKouit* eases the ])ungent pniiciph's an* dangerous. The fJapers used 
as ]>ickles are the flowev-huds of various .s]>ecies of Capparis ( C, spinomy 
Fotifanm^ rupvstrisy and r/pij]>(iava). 'Hie root of Cratam pymudruy the 
( larlie l*ear, is said to bt‘ very acrid and to hlis((*r like ( uintharides. C'. 
racrim is a large tree in .M«dagas<*ar. 'J’lu* Polattisia irosandra of tho 
rnited State.s is used a** a vermifuge; and the. root td’ Cadaha iadirn is 
.said to be. aperient and anthelmintic. ]\lany .*']>i‘eie.s have been introduced 
into oiQ- gardens : a few' hear the open air in shelteri‘d places. 

UKSKDAf T'i.E are herh.s or nndershruh.H with iinsymnietricial 4-8- 
mcr.uis small tluw'ers,eomnionly with a fleshy one-sided liypogynous disk 
bcl ween the petals and the (d-4()) stamens, wdiicdi it supports. I'istil poly- 
earpelhirv ami 1-celled, or of several more or less di'^tjuct <;ar[)el.s. J^)d 
d- or t»-lohed, d- or d-horried, l-eelh*d with -J or i) parietal ])lacentaH, 
Sometimes opening at the top bi'l’ore lh<5 ap»*ri'*pi*rmie reuiforin set'ds 
are ripe. J^nibryo curved. — illustrative*, lieu era : Jirsrda, OUyumrris. 

Affinities, Ac. — 'Fhe^e phiiit^i agret* in many r(»sp«*cts w’ilh the ra})pari- 
daccjc, ns in the pr<*sence of a disk sii]»porliug the stiniens ami the r< ni- 
foriii |{y Nliiller tliey are placed between C.ipparids and Crueifers. 

There is a nmre distant relation totlui J^ipavemeefe, from which, however, 
they are alwav.s distinguished by (heir aperisperinic seeds. iMoiing/meH} 
have iij'iuy points in common, but differ in habit, foliage, stniiglit embryo, 
and momidelphous st.'inions. The one-sided di.dv i.' an outgrowth fn»m tho 
thalimus. The petals of the Mignonette have a broad claw and a dei'ply 
divided (U* fringed iiiiih. The pollen -grain.-s are ellijisoid. 'fho opening of 
the ovary before the seeds are. ri|*e is w'orlhy of note as an uuconunon 
pheuuiiienou ; it is well seen in the Gaixleii Mignonette {llm'dti 
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Oh’t/ouiens is ronmi'lvul)I«‘ for tho r«Mluriiun of IJih parts of tlio flower, 
having but 2 petals aud .‘J staumis, uiul llie disk is likewise ubseiil. 
A.sf)'t)rarjnts lia*^ sepavjilc earjads. A small order. Mo.*'t of ilio kiralsare 
Kuro]n*au ; but a few oiMuir in India. South AlVioa, and in Calilornia. 
Tin; l)e>l kimwu ]>]!iut <tf the Order i^ Ji'rsvffa (nfon/ta, !><) nuudi vnhied 
for its perfume and liardy ehar.Mcter. llcm'dii h/itutlff, ii nati\e w<‘ed, eoni- 
inonly culled \V(‘hl, \ ield.s u yellow d\e. Siiiiie of the .‘pecies are acrid. 

T1L\"A( 'M. M are shrub-, or simdl trees with alleriiiUe, usually exsti- 
pulate, eul ire, Ijoi \ , nl'leu ili^lled leaves: r(';:idar lierui.'iplirodife or 
iiniseMial llo’Aer*': ."epaU 7, di” i illy coherer, 1 Itetiiw . iuihrieate ; iietals 
as iuau\ nud di'-tim-l, or ah-eiit, .--ouietiiue- viuy uiimeroiis; staim‘n.s 
hvjio^vunus, n-eriei a.ll\ imlelinile; ovary '^e.'^vi to ^ (»v slij^litly stalked, 1- or 
rare) V * uiore-eel led, with two or more ])arieial phieejila-: ovules curved; 
.seeds numerous, witli a -4raiL*lil or .diylitly ciiived emliryo in llie axis of 
lleshv ]>crispi‘rju : eol \ ledo7is ho ad ; radieh* i i si flie Jiiliim. -IlJusira- 
ti^^em'vu; //mu, Ij. ; h'or.sk.: /'Vmo/oVo/. ( 'ommers.; 7>////i/'osya*/*- 

niu/a, lahu. 

AfflnltlcH, &c.-- Related to the S:imyihiee;r. hut di.stiujiiii.-lied hy tlmir 
h vp<a.* viioiis s};imeMs, and to tin* l*a.S‘“iiloi;ic,>;e. )»n( ilesilmu. of a eorom t. 
l‘'roui Cappaiids ilew dilll r iu t lo ir jien-permie >ieil-j; Imm ('is}{iee;e in 
llieir slndulit t'liiluwo. Heiilham ami Hooker refer the sii].dl •.»r(nip 
l*aneiaee.‘e heu', while Jkillloii inelmles !hipavaee;e, I iuei.-temaeeje, and 
d'iiruera<*eje. 'rin* sja eies are not \ery numerous, ami are most ly juitivesof 
the hotte.st reyioiis of tlie ^iohe; .some t>f the plants are hitter and astrin- 
;.feiit ; the ])ul]n truils (»l of /'///c/ wW/u linninnirhiti. and 

,seynur/u are eddile. Jtint Oi’e^o/uu \ ields lht‘ .siih-l.nure I’ulh'd Aunalto, 
used for eolourinu: el»ee.ses and us ad\e;il i.s ilerivcd from a pulp sur- 
roundiii<^ the .seeds. 

OIS'I'ACM K are lovv sliruhs or her)), with recnlav hermaphrodite 
llowers, pei’sisliMil imliriealo calyx, eadueou^ enimph'd ]»etaK, distln<-| 
li\ po;r\ m>us, inO'l ly iinh luiite str.iiieus ; pod l-eelhMl.-’i o-a al\ ed, with us 
iiiaiiy |)anolal plaeeiil.is : fi\ ules slrai^lit ; .s»‘mIs peri^permic: emhrvo 
eurved or .sjiiral, w ilh lln- ladiele remote from i he Iiilum. — Illu.slraiiv e 
(u*U(*ra : (VV/z-v, llrllt'Hl/n mum. 

AfntiUleR, lEce. Nearly relatoil to \'iolaeea'. IVixpee.'e, and Droseracofc, 
but distiupuisheil hy lie* form siml ihreetioii of the emhryo ; from tin* 
] I> ]>erieai'ejc by the struelure of tin* fruit and the absenei* of dots oi] the 
h'aves, end from HiiiaceM' hy the fruit ; they aN'o a])proMr*h I *aj)avera<*e!i*. 
1)V Drmlrumvrmi MU<1 l/mdley i*on.sider.s thsit theje is soim. connexion 
with ( 'u]»paridaeea' and < ’Mieifer:i' ; hut the 4-uiei-oiis plan uiul aperi.sper- 
iiiie .sced.s of lltese ( trder.s ivmiom' them widely. S .me of tin* Jirhanihnna 
have tlimorphic Mowers. 4’lic pidlen i.s elli^^Mtjd. Lcchfu has stamens 
fi'wcr than the petjils. The t 'isl:icc:v are in« st uinindant in South Europe 
aiwl Xorth Afiien, hut (wcur iu other parts of (lie ;r!ol>e. Tin* jru lu-resiii 
called Ladanum is olitaiind troiu crvfiru.s, itKinuifrnm. and 

others; and tlie phiuls freiierally^ art* rt'^jarded as re.stii(m.s nud balMiudc. 
Many spei'ies are culii\atc«l for their beautiful but fupicious flowers. 
Jfvfiauthvmum ru/uutr, a native ]ilaiil, is rcmurkable for the iriitability of 
the stamens in tlie newly opened ilowers. 
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llltOSKlLV(. 5 IC.K iiro bo^-lierbs, iuot.(ly glandiilur-baired, with rogiiliir 
h«. i-iii!iplii*odilL* llowera ttiul talyx iiiul (‘orolla ; ^ta- 

iiu iL-.a-. iiiaiiy as th‘.‘ poLils, ur iudoliiiite, liyj»oji:\ nous or pi^ri^yiious ; tho 
autijiM'.-* by till* iiiicidle, extrorsu; ovary froi*, 1 -rcliod; ovuh\s 

nuuuM«)Us, iii\t*rli‘d ; mI vIom as many as tlu‘ plac(njtii«» or roniiata ; pod 
l-t‘rJli 3 d, pariot.il or basilar; the eiiilnyo ininuti', at the ))ase *)f 

flc'ljy prii*«perm. — llliislraUve (ieuera : L. ; AUtruraiuUiy Monti; 
Ihtuiua^ Kills. 

AllliiltiCB, Ac.- 'I'lio intereslintr but not very niiiiieroiis plants of this 
Urd'U* aiv reiiuirkablo for the eireinale eurvalure of their tlower-.'.talk^, 
wiiicli, ihrr wit 8 the ab-eiieeof .'itipiiles, tiie oxtror i* iiiilhers, divided 
\e., fti puiales Uieiu l‘r<*ni the \ iidacea*, which they api>roach ; 
they art' eoiiie-eied with I lyperi<Mee:e by /W/if/.v.sm, and have some iiHl nil y 
to t‘ist.ice,!* and Tiiriieraceje. lleiitham and Llixiker place Ihein near iho 
»Saxifra;4es. Tlie,-e planls are found in ho^s or i^arslies in most parts of iho 
^'■lobe, evcepliji^ tlie Arctic j»*;»ioii--. Their ino.>.t iuLel■e^tJllg charac- 
ters redde ill till* lea\es, wliicii in Dm.srra (Sun-dews) a/e covereAjtr 'itJ: 
beautiful ji:landiihir iuiir. , winch ha\e a spiral vessel runninyf up their 
Malhs and . 5 *!. rele a dijj: 4 ‘sii\t.* Ilui«l. 'fhey an*. also (mdce.ved with the power 
of luolion when touched, so that an insect ali^rhtin^f on the leaf is unahle 
to iiiake its ecaj/e owin;,^ to the \i'eei Iluid exuded from tlie phifid.^. 
The liairs then bend over the ii.stn t, which )ji-eoim‘-^ dissolve / 1 hy tin* iwid 
fluid, and ultiinutei\ alwndied. Aldroatndu a nativ/* of South 

J’hu‘o|jt‘, l»a' curious w liorh d, cellular, spooii-sha}/! d hsives, JHoumt mwn- 
j)/du^ the \\'mis’.s I'ls-trup of tlie North-Aiuerieaii (occasionally 

cultivated in stoves leuc ), i^ well known bn* the reinarkubh; irritability and 
di;;('stiv'e ])ioperli<'S of the lamina td' tin* leaf, tlie two h»hes of which 
close upon any object touching ihe upper face. Tlu* iJroseraceie are said 
to be acrid. 


A'lUJiAl’IC.E. TiiK Vjoi.i:t Dudeh. 

(\di. I'arietales, lindh, vt JIo(d\ ^ 

J)h(;/ncs}s . — Ilerlis or shrubs; Icjives iillenuite, usually stipulat(3 ; 
llow’/*rs rt'guliir or irregular, luTmapbrodiU;, with a Koiuowliat 
iiivgular, generally 1 -spurred curoilu of o petals: staineiis o, 
hyi>ogyaou>, with adiuite intror^e anthers coJinivent over the 
pislil, eonueetiv'c* of the antln*r usually prolonged ; style and hiigtna 
singh* ; pod J -i*elled ; ;j-^al\(*d, with jiarietal jihicentas in the 
iiikidie of ihe vahes ; s« eds perispennic ; embryo straight. 

C’htiracter, 

Thahnum flat or sliglitly rounded. Cahjju : sejmln o, persis- 
tent, usually elongated at the back, imbricated in aisliva- 
tion. (JoroUa: petals hypogynous, equal or unequal, uJjO 
usually spurn'd, withering-persistent ; obliquely convolute in 
a'stivalion. tStamens 5, alternate with the petals, or 
occasionally opposite, inserted on an hypogynous disk, often 
unequal; anthers 2-celled, iutrorae, separate or cohering, and 
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lyinpj upon the pistil ; the filaiiient or connective prolonpfcd be- 
yond tlie lol)C8 of the anthers, in the irn»^nlar flowers two of the 
iilamonts are spurred at tla* Imse. Ovary compound, 1-celled, 


Fig. 353 . 

ABC D 



A. Flower of Violi'f. B. Sorlion of K'lmo. C. AtulmM>iiiin. T). Flftn ornf»^\t‘r. wilh liro-t 
Mtid two hra<*tlrts, iv<'. K. C'a)isul«‘ •>|>rn, |o tihuw piiricUl [dai-i'nlaluMi. K 
with aril, much cnlur^t'd. (j. Seed with Htnii^ht embryo in iieriM^'erm. 


with numerous ovu 1 (*s on paritdal placentas opposite the IIouUm*- 
most sofuils, or rarely I-oviiled; ;iTiatropoiis ; single, 

mostly declinale ; stiyina cajutate, ohli(|iu*, hoodt^d. Frail: a 
capsule hurst ini; into three vahes. ^ilh the placentas u[) llte 
miildle ; mostly numerous, often arillate; embryo straight 

in the axis of fleshy ]>crisperm. — Illustrative Genera: Viola, 
L. ; Papnyrola^ Auhl. ; Ahodei^, 1 'houars. 

Affinities, Ao,— TIio tvpii ul lornnda is So P5 A .'5 (T;!. Pv the irregiila^ 
flowers and appi'iidapnl niitln*r8 we readily dislinu-iiisli most of 
tlio Violacoa' from tlie Droseracea?, Ci^tHceje, and Siiu\;ijr,.sirt(.e.fi ; 
and in Ahodvia and other genera, when' the calvx' and corolla are 
regular, the simple style and capitate stigma are "still available; and 
several other important diflerenees exist, such as: — flu? didiniie nnm- 
her (if stamens and strniglil omhiyo, unliKe iJint of the (’i.^tacen? ■ 
different vernation and slipul.ite condition of ilie leaves, unlike J)ro- 
seraceas wJiile Sativogesiaccjc, besides liaAing tlie anthers unappen- 
daged, have either numerous stamens, or, if live, thev are opposite to the 
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petals and al tomato with five scales; moreover tlu^ capsule bursts septici- 
dally, so that the placoutiw are at the odf^cs of the valves. Vi(»laeea^ are 
related move di-stuully to 1‘assifloracea*.. In the native species of llio 
freiius TVo/ff, it is not uneoiMiiiou so find apotaloiis flo\vevs, especially in 
the autumn. Tlie pollen-jL^rains are ellipsoid or prismatic. 

Dlatrlbntion. — An Order coiisistiiij^ of a few petiern, some, such as 
Violn aud Aisodvia^ rich in species, the jrrcjiler niimbev witli hut lew. 
The iiT«*«ruluv Violacca; hidori'f chiefly tu 1‘lurope, North Asia, anil North 
America, where they are generally small herbs, and tn South America, 
where they are Ttjotjjly sliriibhy ; the ivjruhir g:eiiera, ^llsodeia &c., bolonjr 
tf> S«)Ulh AuuM*ica, Africa, and Malacca. 

QnalitlcB and Uses. — The Or<ler is ehnrnett'rized in fjfenpral by emetic 
pr«)p(Tties, wliicli are especially diwclnpcd in tlie Soulh-Americari lom'dia ; 
I. pan'i/inrunif I. Poaya^ I. ltnb(ty arc used then* instead of Ipecacnuiiha, 
and till' last \Nns formerly suppoHe»l t(» >k‘ life true Jpi'cacnanlia-plant, 
Viola oaatita^ tin* (‘oiinnott I h»pf-violi‘t of our liedfres, is said to he bene- 
ficial in shin disi‘ase<; and tlie same pniperlies jire attrihnled Antmirtia 
sahtfaris in lira/il, wlienj it is also n‘*ed as a purefjilive. I'lie. roots of 
the Sweet Violet, odor/tfa^ are eiiielir afid pnrjirati\(‘ ; its seeds are also 
pur^ati>e. J’.frirolor is the l*ansy or Heart 's-c.usf* ; its Ieav(*s lia\e hi*cii 
su])posed to contain li\ drocyanic acid, since they smell liKc* peach-hlossoiu 
when bruised. 

The SArvAOKSTArK.v. form a small ^n-oup wnnedimes separnted from 
Violaccio on aceonnt. »if tlif‘ charact»‘vs lueiilioued uhove. 'fhey aro 
related to the llypericaceje thron«rh rarmoosia. 

FRANKKNIA(^1v 1^ Cim>titute a small and unimportant Order hearing 
very cl(»se atiinity to the trila* Sileiiea* ef the Order ( 'aryo}diylhu‘efe in 
the tloral envelopes an. I stamens; hut the phu*entas aiv* parietal, and the 
embryo is straijrht, wliicli c.ins»->. them to approach Violaeeju, and es])e- 
cialK Sauviipesiaceje, froin liieh, Ih>\v<*\<t, they ditllT in their nnil«‘d 
sepals and extrorsf* anthers. ^lost of the phinls are fbiiml in Sontli 
Knropc and North AlVica ; but n few .specii*s are scattered in olljer parts 
of the world. TIh'v are said to be iniKMln^iiions and aromatic. — Illustra- 
tive (lemis: Franhuui, 1^. 

TAMAUK h\rF-'K aro shrubs or herbs of fastipfiato prowth, with 
alternate .scale-like leaves, usually pitteil ; tlowers in close spikes or 
racemes: calyx 4-o-part'Ml, persi.sient ; petals distinct, sjn’i/ipnnjj I'roin an 
hypojtynons disk, equal iiiipf the petals or twic(‘ a.s many, dbtiia't or co- 
herent; (ivory .«ii]ierh»r, o\nIes niMneruns, ascendinjj: ; capsule ii-valved, 
l-celh*d, "with »*i placenta^ eitlier at (In* has(* or I in tin* Jiiiddle of efich 
valve; seeds couumo or winpred, w'ithoiit perisperm ; (unhryo straijjfljt; 
radicle inferior.- I!lnbtrativ(‘ fJeiiiLs: TamarixyX*, 

Afflnltlefl, Ac. — I'iiidlicher looked upon thi.s Ol der asint»*vmedin1e between 
ITypericacete (tlirontrh Ue.Tiimnriaeeai) nnd JiUhrncea*, while Lindley 
thoii^rht it slrjod rather heiweeii Violaee.'e and Oassnlaceie, and l)(i 
Candolle plftod it near Porlnlaew^cje, n.s also do lk*ntham and I look(?r, 
who include in it llvmnnurivfc and FtmqwrUu Iromjiil the uhove, how- 
ever, it differs in the nature of the seed.>. 
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Distribution. — A f»’roMp coiiriistinji: of Iwo out* with several, tht* 

otlmr with wrv tVw spwic'^. Tlie phmts are nati\os of the northern 
liemiMpliuiv. of the Old World, growing childly by the wea-rfliore, or on the 
iiuirgiriH of rivers ^r lakes. 

Qualitios and Usesa — The ]>arlf is hitler and a>tringent ; and tho.so kiiids 
growing near the .sea yield .ihiiudanee of .soda when burnt. Tumarix 
munuifcrn yields tlie ]\liinna of Minmt Sinai, a kind of mueilngiiujiis 
sugar, .said to he evinh d in eon.-isjuenee t.f tlie attaek.-< of a Coceii.s-inseet. 
Siw'eral .‘■.pecies me altaeked hv gall-in.'ee|s ; and the g-alls of T. tfidtcUf 
ditnoa, JutruH, and tuimfftli.s me u.-msI in iij<‘dii.'iiu‘ and for dyeing. Tamanx 
yalliva lh»i;i i-die.s am-II neai tlu^ .-«ni on onr eo:l.^l.s, and im an ornaiiieiitul 
shrnh. M i/rivan'a tjrnnuuica is a hundioiue sliiub in our gaidens. 


CMlYOrilVI.L \(i:.K Tin: Piwk 

Co/i. Omy ophUlina*, Bvnth. H Hook. 

Ditft/Hn'il'i. — Herbs with opposiu* i‘!ilire li':i\e.s ; stems swollen 
at 11 k* joints; llowiu’s s\ minej rieal, I- o-nuTinis, with or witlioiit 
petals ; stamiMis (list met, not more than l\\ ie(* as many as the sepals, 
hypogs'Jions or perig\nons ; sInIos o ; seeds to the base 

or to the eeiil ral plaemita ol* ila* l-eelleil { raindy Jl-o-ct*llcd) ca[)- 
hiilo; (Miibr) () (‘lined round the mealy perisperni. 

(7t ft raster, 

T/tttlfttniHi tl.at. Cdhf.r : Arpala 1 or o, persist(‘nt, distinct or co- 
h('ivnt into a Inbo. (^troUa: petals 4 or T), clawed, often deeply 



Fif;. 1^)1. f’nji'uli' «»l' C^riintmnt, Unrsi 

Ki,{. a.'i i, Hriliiin t»r I. t/ch» If. a, ciuloHaiTm ; ft, rinbvyo 

Fi^. DichaHiiil cyme <»f CV/Vfj./mwi. 

Fig. KoT. Sectiuu of a lioAver of aii iuturiiodc bolwctMi the lalyx uni corolla. 
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bifid, soniofinu'S \v:ui<injr, mostly He|)arati»d by a short iiitcruode 
t'roin tluj calyx, ^itunn'us twice as many as tho petals, or equal 
to and opposite to the sepals, somelimos fewer, inserted with the 
petals ; y///f//jrHfsa\\l-sba[»ed, soiuetiines coherent; ct/i</i(frs innate. 
Oran/ sessile, or raised with the <*orolla and stamens on a short 
stalk above tho calyx, l-ct*lled, with a central placenta or with 
2-5 dissepiments extending to the centre; orttlrs lew' or nume- 
rous ; sti(fnias 2 - 0 , filiform, resembling the styles, but papillowse 
down the inner side. J*)'aU capsular, I -celled, with a central 
placenta, 2-o-valved, or splitting into 4-1(1 teeth above (lig. Ih") !), 
or 2-o-celled, locnliridally d(4»is<‘ont, with the placentas adUt*ring 
to the septa; srrtis mostly indelinite ; tin? rnthrt/o mostly cnrvtHl 
round tho perisperm (f/g. .‘too), rarely sfraight or sjhral, with 
little perisperm ; radicle in'xt the hiinm. 


lj.Lrsnc\TrvK (iKXKn 


Tribe!. Ai.stm:^;. Srpa/s tli.'ifiurf. 
Nvjrliui, /i. 

Al.^ine, tt'uhlenb. 

ArcMiaiiM, L. 

>Sli'lljiii;i, L. 

C-e milium, L. 


Tiibe2. Su.knm:. Srpalmuthcring 
into a tube. 

Ihaiithiis, L. 

SajHHinria, L, 

Slime, 7y. 

lA’clmis, L. 


Afanitlos, Ac.-— The lypt-ul floral fnvmiila S o I* o A 5-f5 f I 5. The o))- 
puMle entire leaNes .s])iiiie'ing from Ihiekeiied iio(h*s, deliiiite Maiiieiis, luid 
the character of the jductMita mid >e«Ml'. mmw»* to di.'<tii);.ruish tht‘ great ma- 
jority of this well-iujirKed (>rd»T. Tlie nearest relations of the (’aryo- 
phyliaceui, as heie deliiied, are iinqiieMioiiahly the llloct'braeeie and l*or- 
t ilaeace.'e, wliieli we .si*|'arate inoie tortile >al(e of com euience of distiin*- 
tiuu than on aecoiml of nalnval di\erMily, since in both those OrdiTs there 
is a. \arialion hetw’een the hy}iogMani.s and ])erigvuous coiidiliona. Tho 
llh'crhrjicem may la* dislinguishcd by their scarioiis stipules and utricular 
fruit, and the Pnrlulaeaceuj hy tin* 2-leaved calyx and by the stamens 
when e«jual to (lie M*palN heinjr alternate, or t»]»pi»i-ite to tin; jietals, hiirm- it 
sefjiiis more convenient lu Uee]# (lie Mollrt/tnerr >Nitli JNn'tulacaeeiri if they 
are divided. The a]n*lfilons forms, and ihe uniaiice, with tla* ( )rd(*rs jiist 
named, connect this Order with the, Amarant.iceie and (nienopodi;wi‘ie 
and several other fainilit*s, all cliaracterized by a curved embryo surround- 
ing a floury perisperm. 

fhe placeiitaLioii of the f‘aryophy11acca5 is regarded by some authors as 
forming one of (he excep(ion.s to the marginal type, "the free central 
column in mature ovaries btdng r»;gurded as a ])rodnct of the receptacle, 
independent of (he ear])els. Ihit the dissepiments exist in ihe early stjigea 
of development, and are tom away during the, expansion of the ovary: 
lienee there is no necessity to assume the indejiondent origin of the pfa^ 
centas. Monstrous blossoms of plants of this Order do not decide the 
question, since these have been ftuiud wdth rcnlly indepe,iid»mt growth of 
the ovules from the base of the ovary, and with ovules developed upon the 
margins of the carpels. Lyvlutin ami some other genera have petals w'ith 
a scale-like outgrowth. Several sj>ecies are dioecious. 
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Dlstrllmtloii. — An Order consisting of several genera and a large number 
of sptHdHs, for the most part natives of temperate and cold climates, extend- 
ing to the Arctic regions and to almost the extreme limit attained by 
flowering plants on mountains. 

QualitlM and Uses. — The plants of this Order are generally devoid of 
active propertif3s — some of tiiem containing more or less of a* deleterious 
princijile, called sapimine^ as Sapmuiria^ Affrodemma^ Silem, &c. ; and 
Gtfpsftphila JStntthuwif the l^^gyptian Soap-root, derives its name from its 
sapontu'eous iiropeitif^s ; tliis substniico is generally most abundant in 
the roots. The gcMius Jyianthm, or l*ink, is rem.arkal>lf' for the beauty <^f 
its flowers ; I). httibafuH is the Sweet William ; 1). phinutntts is the parent 
of the varieties (»r (iaide.n l*iiik ; 1). (\mjophyUm (the (Move-Pink) of the 
Carnation and its \arieties. Lyohnia and ISihno also nllord handsome 
gardtm pliints. A large proportion of the Plants of this Order are iusig- 
niiicant weeds. 


MALVAOK^. Thb Mallow Obleb. 

Coh. Malvales, Jienth. tt TTtmh 

Dlnf/nosis. — ITorbs or shrubs wit h iilferuat(‘ stipulate heaves often 
foviTod with soft down and regular llovsc^rs; calyx vahatti, and 


Fig. tm. 

f 



Fig. 35 s. n. Hem or of MrHow, IcnKiUuliiml iK*ction; A, nnilrcpriiiin ; c. phItx nnd fruit; d, 
pHrpi'l r, rariM 1 »-ul opoii t-o show diii);rarti of flower, with 

three hructeole's. H'O hi'nalH, live |ielol8. flve eiiinpouiid MtnrueUH, nnd ten carjivlB. 

corolla convolute in a^slivation ; stamens numerous, monadelphous 
in a tube which is adherent below to the short claws of the petals ; 
anthers ultimately 1-celled, or always 2-celled. 
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Chwficter. 


Thalamus flat or rounded. Vtilyx : seyah 6, rnrely 3 or 4, more 
or less united below, valvate in tlie bud, oft(?ii surrounded bv au 
epicalyx. Corolla: etpial in number to the sepals, hvpo- 

gyiioua, contorted in icstivation, free or adherent to the tulie of 
the stamens. Stameus indefinite, monadelphoiiH, hypogynous, all 
perfect; 1 -2-cel led. Omtnji several, each form- 

ing a coll around a central axis, either coln'reiit into a inultilocu- 
lar compound ovary, or distinct ; ovules defliiiit^ or indelinite, on 
the ventral autfin^ ; equal in uumtH'r tothe cai*pela or twice 
as many ; coh(*rtuit ()r distinct ; sth/mas various. PVuit : a several- 
eelbnl capsule, or a colloetion of separating indehiseent cocci or 
of folJicloH, the carpi‘lH 1- or manv seeded ; with little or no 
perisperm, enihnjo curvt‘d, cotyledons much twisted, oily, testa 
soinetiim's hairy. 

iLLUhTRATlVE G KNKIl A. 


A. Andrcpciuni tubular; tube eulirr 
or hut slujldly divided at the aj)ej\ 

'frihe 1. ^Ialveje. llvrhs or un^ 
dcrdinths, Staminal column autheri- 
fwitus to tlu* top: styles us numerous 
us the evils of the oiuiry : ripe carpels 
sveediny from the columeUu. 

Mai ope, L. 

Altluca, L, 

Malvii, X. 

8ida, X, 

Tribe 2. Ujikxk.k. Herbs, Sfa^ 
vtimil column ded.it ute of anthers at 
the top ; styles Uvire us many as the 
cells of the ovary ; fruit as in Tribe 1. 

Paviiiiia, L. 

IJrcua, X. 


Trilx* .‘1. IliiuscK.E. Herbs or 
undershruhs, Stylvs as many as the 
carpels ; fruit synearpuus, capsular, 
ifibisciis, X. 

(lossypiiiiij, X. 

II. Andneeium tubular at the base 
onh/f or divided thruuyhout into 
Jilaments. 

Tribe 4 . JIomijackjb. Large 
trees or shrubs. tSfaminal column 
divided into rt or more dirisions^ each 
trith one or more anthers; styles 
vonftuent or etpial to the carpels 
fruit syncarpouSf dehiscent or inde- 
hisevnt. 

Adansonia, X. 

Iloriibax, X. 

1 >urio, X. 


Afflnltlei, Ac. — 'J'he c(jmpomid stamens of tlicse plants appear first io 
the form of five little tubercles, the primordial stuiueiis ; from the sides of 
tiieae are subsequently develu]:>ed others. The anthers are bilocular in the 
first instance, hut become 1 -celled by tbe obliteration of thr) partitions. 
Where the stamens arc supeiposed to the ptdals it is probahli.^ that the 
latter are not autonomous orgtms, but outgrowths from the stamens. The 

typical formula may be thus written, S 6 P 6 A 5 G 5, variations Ixiing de- 

X 

pendent on cohesion, adhesion, multiplication, &c, Malvacea3 are closely 
allied to Stercmliace® and Tiliaceas (e.Mpt*cially to the fiist, which, in- 
deed, are only kept separate for convenience’ sake) by the genend structure 
and tlie sstiVation of the calyx, but arc distingmshed by their 1-celled 
anthers; to the Geraniaceoe they are related by the monodelphous 



222 


SYSTEMATIC BOTAXY. 


Btnmenft, twisted rRstivntion of the corolla, and the occnsii^nnl separa- 
tion of the carpels from a central axis in the ripe fruit ; with Uhhenacefe 
there is h connexion tliroufrh the epicalyx or eolyeine involucre and the 
monadelphous stamens; mid soimi puinls of striicluie, hut especially 
the properties, reaemhle those of l/iuacea?: (Voiii (‘aniellirieeje^ which have 
the stamens more or less coherent, they may be distinguished by the 
vidvate calyx. Afalopf presents a curious condition of the carpels, whicli 
are numerous and distinct, rcsenibliii^ those of a lianiinciihiceous plant. 
Mairwunrtf’* has succulent fruit. Th«! epicalyx is probably of stipular 
nature. Tlie Iloinbaceous subdivision is referred liere on accuuut of the 
1 -cel led anthers. The tniuks of some of the, trees in this "roup attain 
eiiorinoUM a"e nnd dimensions, as in the Afhntsomit or Hmihiib, and the 
the hitter of which prodiicf» ^rc it projecting hiittresses from 
their sli3nis. The calyx in this subdivision is toii^di and leathery ; and tlie 

{ lollen is frenernlly sniootli, not spiny ns in llic re>t of the family. Tlie 
lairy seeds of this subdivision recall those of (tossi/pinm. 'J’he Jhino pfroup 
of the tribe llonihaceiv are chdlied with hir^e ]>eltat(‘ scales. Jn liuschia 
the anthers are o\oid and open by a terminal pt»re. 

Distribution. — A hiiye onler with sevi'rtil ^enern nnd very numerous 
Species; the latter are most ahiiiidiirit in the tropics. diminishiii" "radually 
in the ti‘m])erate reg^ioiis, and absent from the frigid zoni*. 

QaalitloB nnd Ufles. --'j'he ordinary properties of this Order depend on 
the ahundaiK'e of a bland miicila"t*, especially in the roots, as in llie 
Marsh-mallow (the Frencli (immauvv) {AUhffut flower of 

the Hollyhock (Alth<ptt rose//), the common Mallow ( iS:c. 
The leaves of the Ilollvhoek yield a blue dye like indijro. /lihisrun cHrii- 
lontm furnishes okro or pomho pods, used in snnps and as demulcents. 
Hut the insist ini port ant qualities of these plants depend upon their tissues, 
namely the fibrous liber of their stems, wliich in sorm* eases furnishos 
hirp-e quantities of henqi-like fibre to comiinT«*e, as the JIihiscu'< cf/aww- 
hiutw (Sim-homp), IL arborvus^ various si »eries of <S'/V/a, ,Vc., and tlie hairs 
of tlie seeds of Gmnypium^ constitutin" ( otton. Four distinct specie.^ of 
Cotton are supposed to exist, viz. : /rccfcwcfwm, the ordinary Tiulian 

Cotton-1 ilaiit.. probably a eulti\jiled variety of G. Stockvi, which is wild 
in Sindh ; ff. arhorntm, the Iiidiau Tree-cotton ; G. harbnthnae^ to whieli 
the North-Amcrienn Cottons and the Jtoiiihoii cotton of Imlia helon«r; 
and G, pcruHamnn or acuminufttm^ IVrnambnco or Hrazil cotton. The 
seeds of Gtmypium contain a Ur^»-c quantity of almost colourless oil, to- 
gether with a brown resinous sulntiuce eontained in speeial reservoirs, 
which 0t>lom*8 the expreasod oil. Tlie hairs (»f the seeds of the Silk-cotton 
trees (^Bomhax) cannot be ymn lijce cotton, but are used for stuffing 
cushions, &e. The Durian ( Thirio zihdhhim) bus an aromatic edible fruit. 
The fruit of the Baobab (->tr/rtwac 7 ??fr), gigantic African nnd Australian ti ees, 
has an agreeable acid juice. Most of the Malvncesp have handsome 
flowers, and many are cultivated in our gardtms and stoves. 

STEECULTACE.F]. Tins Steuctjlia Ohmeb. 

Coh, Malvales, Benfh. et Jlook. 

Diagnosis, — Herbs, trees, or shrubs, sometimes elimbing, with alternate 
ample or compound leaves and free deciduous stipules ; fiowers regular 
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or irre)]^ilaT, frfiquently unisexiinl bv abortion ; calyx and corolla rcBciu- 
bling those of ^alvacoae or petals al>Hoiit; andr(r.ciiim ooluimiar or tubu- 
lar, or rarely stamens few, li*ee ; anthers 2-cellnd ami extrorse, in h^ads 
or rin^s or dispersed, with or wjthout intervening staininodes ; carpels o, 
rarely 0 or solitary, distinct or coheivnt, often pedicellate ; fruit and seeds 
very Variable. 

Ii.LuaTrtATiVE Genera. 


Tribe 1. STEncui.TE.E. Fhwprs 
ajief/ilm’i and uni«Mii-ttai hy nhoriion: 
anther ft clustered or aunuUir, 
Horitiera, Ait, ^ 

Sterculirt, L. 

Cola, Schott. 

Tribe 2. ITi'LirTKiiE.E. Ftoforrs i 
jtrrfeH: jwtafsdrridnoHA. Andnrriam | 
columnar bclotr^ cup-shafyd ahorr : j 
staminodfK on thf tnnryins of the vup^ ' 
allcrnatiny irifh the anthers. j 

llelicteros, L, 

Tribe .'J. FiRiOL.iJNTE.E. Flowers * 
hermaphrodite: petals dreidaom. An- 
draviam tnhulur, eonieal^ anOteri/r- • 
rons for nearly its whole lenylh. 
Eriobcua, DC, 

Tribe 4. Fn K.^ro x n ic je. Flowers 
hermaphrodite : sfamenH eonjoinvd ; \ 
anthers 6 ; staminoflcs watdiny. I 
]‘>einoTitin, Ilonk, i 

( Jlieirostemon, L, 

Tribe 5. DoMnEVEJR. Flowers 
hermaphrodite: petals fat., persistent, 
Andrtremm tubular, antherifrrous at 


the maryin: anthers solitary or in 
yt'oujis, alfernntiny with stamimujtes, 
I>oinlj**yn, Car. 

Melhania, Forsk. 

Tribe 1 T ehm A nn i e .T5. Flo wers 
hennaphrodite : petals persistent, 
twisted in festiration. Andrwviuni 
tubular at the base, only; sttuninodvs 
tcantiny. 

llerniannia, L, 

Waltlioria, L. 

Tribe 7. HrETTVEiiiK-i?. Petals 
eonvavi* at the base ; nndrweiuni 
tubular ; anthers maryinal, solitary, 
or in yroupH between the stanunodes, 
Jluettneria, L. 

A broma, Jaeq. 

J^eptony cilia, Turez, 

Tribe 8 . Lakiovktat.a?. Flowers 
hermaphrodite : petals 0 or srale-lika 
or lanceolate, ^hidrfreimn fahular 
belmr, beariny nboeefiee anthers and 
as many staminodes, the latter oppo^ 
site the sepals or wanting. 

Tbomasia, day. 
Lasiopctaluin, Smith, 


AfBnities, &Q. — The usually 2-celled anthers separate the plants of this 
Order from the Malvacem, the monadelphous condition from the Tiliacem. 
Nevertheless the distinction b(»tween tnis Order and Malvaceas is.purely 
artificial, and is hero retained for convenience’ sake only. 

Many plants of this Order are intei^sting in structural respects. Dela- 
hechea (Australia), 27mc%c^iVon, and others have a trunk swollen midway 
between the ^ound and the crown of the tree, friving the appearance of 
a huge flask or bottle. Helictcres is so called from its twishid follicles; 
the pods of some Sterculieee open out like leathery leaves with the ripe 
seeds on their margins. The species of Bterculia and Cola are remarkable 
for the variable condition of their seed, some having peri.sponn, others not ; 
the direction of the nuliclc with reference to the hiliim is also diflbrent in 
different species. Cola has often three or four cotyledons, or perhaps 
two, deeply divided. The pollen is ovoid with three plaits, or globose or 
polygonal, not miiricate except in Domheyces. 
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DiitribotioD. — An Order the species of which are mostly tropical and 
suhLropicRl. 

Qualltlos and Uses. — Murihiirinous. Sterculia Tragacantha yields the 
guui 'J'ragacauth of Sierra Jjeuno, S, urens a similar f^uni ; tlie seeds of 
^1 the spefifis are oily, like those of Malvaoeaj ; the same properties are 
generally diiViisod. isiercidia guttata aiifl lul/oaa and spe dea of otiier genera 
yi(*hl lihrea lit for coi-dage and wovtMi fabrics. Co/a avuminata furnishes 
th(i (kjl.i nuts, givatly esteemed hy the negri)e8 for tludr bitternistorative 
properties. Chrirostemmi /t/atanoides^ the lland-pliint of Mtixico, has a re- 
markable-looking ilower : the tula^ of the nioiiadelplnria alamiina ia split 
abj»ve and spnjad out, so that the antlKn'a resemble five fingers or claws, 
while the curved style looks like a thumb. This and various other plants 
of the Order have bi*en introduc(«il as stove-shrubs. 'The seeds of T/ieo- 
broma cacao and other sptjciea fiirniah the Cocoa of coniiiicree. 

TILIACE/E. The Lime on Linden Oiideb. 

(/oh. Malvales, Henth. et Hook, 

Diagaosi .'^. — Trees (rjindy IktIim) with alternate usually stipulate 
lt‘aves ; flowers r< ‘gill ar, lierina|)liro(liii' or unisexual ; calyx \alvate ; 
petals iiubricati'd in }(‘sfi\atioii ; s«‘pals (lecidiious : slauuuis nume- 
rous, free, or |)olya(lelphous ; anthers 2-celh*d; ovary free, 2-ao - 
celli'd; embryo (curved; <*otvle(loiis h‘afy. - -llliistralive (lenera: 
IjK/tcu^ VVilld. ; (hrvlmraa^ li. ; Trinotfrttn, rium. ; Tilia^ L. ; 
6Vc/e/V/, Juss. ; kJl<rorarjttts^ L. 

Afflnitlpfi, &e. — 'Pile di.stiiu't or polyadeljdious stamens, the 2-celled an- 
thers, and the disk separate these planhs from llwir near allies, the Mal- 
vaceso and Sti^reuli.icea). From (hiiiielliacem they ililfer in the aestivation 
ol’ the calyx, and IVoni IVixneeio in the slrucluve of the fruit. Various 
remarkable peculiarities of structure ticcur in the gem*ra. Some species 
of Apeiha are said to bn\e 24 cells in the fruit; Idplophraftnin has pirio- 
tal placentas with spurious di.ss(*pinn'nla in the frnil. 'f he polyadelphous 
stanieiis of Lahca, and of tlu* American aperies of T/Zm, whieh stand iu 
bundles before the pidals, are siippos(‘d to bn in‘;tances of chonnis ; 
but the petal in llieso cases is prohanly an outgrowth fr«»m the ataininal 
tubercle. I dines are peculiar in the adhesion of the flower-stalk to the 
bract, (/rewiu has glandular petalB ; Elccocarjtm bos them fringed j iu 
some species they are absent. 

IMstrfbatloii. — There arc between three and four hundred species, per- 
taining to thirty-fi\(* or forty genera. The Limes or Idndens (Tilia) are 
trees of the northern parts of both homi.aphrres ; but the rest of the Order 
are chiefly impical. TnumfettuH are tnipical weeds with bur-like fruits. 

Qnalltiefl and UaeOi — The general properties are the same as those of 
the allied Ordt'rs — mucilaginous juices and fibrous bark. Many are valu- 
able timber-trees, and some yitdd edible fruits. The hbrous liber pf the 
I’lUropean Tilia furnishes the well-known Jluasian “ bast '' or “ boss 
various species of Corvhorm furnish fibres in Indin, espt'cially C, capau/aris^ 
which anords “Jute/' a fibre verv extensively sunstiliited for hemp; 
C. o/itoriua is used as a pot-herb. The berries of Gretcia aapida, oaMtica^ 
and others are pleasantly acid^ and ore used in making sherl^t ; and the 
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berries of some kiiids of Corchorm and of Eltrocarpm aro eaten. The 
of Eiacfcarpwt are used as boui<4, and J?. Hmau yiddn a dye. 
Various species of ZuAea (Hrazil) and Gmoia ( Kast Indies) fiirnisb valu- 
able timber. The Lime-trees of Europe (Ttlin vuroptfia, {trmdifoUa^ and 
parmfolitt) aro valued not only for their had. hut for their beauty, their 
white even wood, and the frnfrranco of their blossoms. Many of the tro- 
pical BptHiies, bttch as Sparmannia (rf^kana^ Ohfphcta f/rcivi>juk», have been 
introduced as stove-shrubs. Hmcl&cfiya JhifoUa has large violet dowers. 

1)11*TEIIA0E/E are large trees ^kninding in resinous juice, with al" 
ternate strongly feather-ribbed lonvt*H and largj* convolute deciduous sti- 
pules ^ flowers perfect, the calyx o-lobe<J, lobes iiuhricato, unequal, 
pereistcut, afterwards often enlarged like wings ; petals 5, hvpi'gynous ; 
staiui*ns hypogynons, indeiinite, distinct, or Hliglitlv and irregularly polya- 
delphous; anthers subulate, <‘onnective often produced above; ovary 
superior, •‘i-ceHed ; fruit ]-<!elU‘d by siipprc.'i^-iou, l-secded, and .‘l-valvcil 
or indehiaccut, and surrounded by the enlai*ged calyx, foriuiiig n crown 
above it; st‘eds nperispcrniic. ' Illustrative (lenera; Diptcrociupus^ 
(hertn. ; l>rpohaUmopH^ihwX\\.\ I'afcntty L. ; «S'Aomr, Roxb. 

AJIlnItteB, to —Tropical frees related to the preceding flrdcrs in some 
respects, but in the imbricated ealvx and in other particulurh ha>ing more 
afUnity to the riusiuceje, from which the.y diller in tluj icsti\ation of the 
corolla and in the preMcneo of stipules. Tlnnr lurgti deciduous stipules 
rcs(;m hie those of mfopwlia^ but the most chnrncteristic feature of the 
(Jrdev is the enlarged ])ersistent calyx, which fcniiis long winged lola^a 
crowning the fruit. Some autii(ii*s separate iMphira as the type of a 
distinct Order, whicli is in some degree (as in its 1 -celled ovary) different 
both from tlio Diptcracejo and tlie Olusia*oa*, but may probably remain 
among the former. Anvldrucladmi^ a climber, 

OUtiibatlciii. — This Or<ler consists of t<‘n nr iwidve genera, comprising 
upwanls of a hundred species. Tlie^e plaiitM are large trees or rarely 
climbing shrubs of the forests of tropi(*al Asia. Lophira. belongs to Sierra 
Leone. 

Qualities ond'ITseii— Fine tknber-trees whoso juices yields balsamic 
resin, of which various kinds are j^iuported. Sumatran hard Camphor is 
found in the form of concretions in (issures and cavities of the trunk of 
IhpohtlamjM Camp/tom; the Oamph^-oil of Jjoru«H> and Sumatra is said 
to be the same substance in a fresher state. JShorra rdfmftta yields the 
Dhouna or Dammar pitch, used fc»r incense in India. Vaivria irulica 
affords the Piney resin or Piney Dammar of India, sometimes called 
Indian Copal or gum Animi, largely used for making varnish. Bipttro- 
carpttn (rinervis and other species yield a balsam like CopaibR, sometimes 
called Oufjun balsam or wood-oil. Lophira ia called. ^e Scrubby Oak in 
Si(*rra Leone ; its dry corky bark contains no rei^inQua j)iice. 

Chlabxacrab constitute a email and little-known Order, consiHtiiig at 
present of a few shrubs, natives of Madagascar ; rtdated to Malyacem ^ 
having monadelphous stamens and an epicalyx ; but the calyx is imbri- 
cated in iBstivation, like that of Cameltiacose I'laccd hy Lindloy 
near Oxalidaceie, Balsaminaceae, Linaceffi, and Gerauiacecc, by Jlenihaia 
and Hooker near Dipterocarps. 
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TERNSTIUIBriACE.!!: on CAMELLIACE^E. 

The Cameua OnnEB. 

Coh. (JultifaraU'ft, lienth. et Ilooli. 

DiagntmA. — Tr»!Cfl or wliruhs, with riin-ly opposite, flimiilp, 

rarely eoiiipoiitiil leaves and no sti])iiles ; flowers rej^ular. rarely unisexual ; 
nndneeiuiu pol\nn(1rous, hypojrynous ; sepals ami m*Uils holli iinbricaled 
in ajHti\ation ; stamens more or less eoherenl (1-, or o-ailelplious) at 
th(j base, and adliereiil to tlui bases of tlie pt‘tals ; anthers 2-celled ; seeds 
few, sometimes arillate ; ]K‘risperin little or none; embryo straifrbt or 
folded, witli the cotyledons hiiye and thin, oily. — Illustrative (5em*ra: 
'J’ribe 1, Riiizojwm.kIe. Canfmar, L. ; Tribe 2. !M Anc(inAAViEAS. Marc^ 
graavin^ L. ; Trilu* .*1. TicnNsrimiMiiC-Ti. Tenistnnniti^ L. f . ; Tribe 4. 
Saiiuaujk.e. Willd, ; Tribe 5. fJonnoME.i:. (7o7Y/o7n‘a, Ellis, 

Linn. ; 'I’rilie (i. Jhi.N-NETTiAi. Kivhttegvray Mart. 

Affinltlea, &e. — 'iVrnstrouuiads dilU r from llixads in their manv-eelled 
o\ary and want of stipules; from I flpteroearps in their calyx, which is 
iu)t aecresc,«*nt, their iminv-eidled t)\ary, ami watery (not resinous) juice. 
From 7V//<imc they (lilfer in their imbricate (not valvato) cidyx ; from 
Outtifers in their nlteniafe leaves, nsually perfeet flowers, long style, 
curved embryo, \’c. I’'r<»in llypencads they dilhu* in liahit, foliage, and 
intlore.seence. Tiirongh Stturfiftja they aw conneeted with iJio Eri(‘areou.s 
genus Cletlim and with IHlleiiiads. Ijurga esiahlishes a connexion with 
iSnpotacecf ; hut tliose latter plains have extrorse anthers. The tribe 
Marcgrauvwo'^ by soincs considered a distinct Ordt;r, comprises a few 
jdants diflering Irom the rest of the Order in their aggregate flowers, 
introrse, hasiti.\(‘d anth(*rs, si'ssile stigmas, ami spt‘cially in their very 
peculiar honi-lino tubular bracts. Tbe Ithizoholeev are large trees, with 
opposite digitate leatlicrv leaves, with an articiilaled stalk, and no sti- 
pules ; sepals o or 0, more or less coherent, imbricated : petals 6-8, inserted 
'with the numerous stauiens on an hypogynons dish; Htaimms slightly 
coherent, in two circles, tin* inner shorter and often aboi-tive ; ovary 
superior, 4-6- or inanv-celled, with as many short styles and minute 
slignnis, oa(di coll with 1 ovule attached in tlie axis ; fruit of several 
coinhined indehisceiit 1-seeded nuts, with a large aperispermic seed 
chiefly consisting of nii eimrmous tigollimi with the cotyledons lying 
in a groove. The largt* ])almate leaves of Cun/tK-ar resemble those of 
Aucnlits; but here the eauliele, and not the cotyledons, forms the mass of 
the embrve, 

XMatrltmtlao* — The Tcriistrcemiads constitute a rather large family, 
distrihuied maiidy in tropical America and Lasterii Asia; very few ait) 
found in North America, and one species in the Cunaries. 

Qualities and Uses. — Sonic possess emollient properties. G(tr~ 

donia is astringent. Tea is the produce of 'fhea vhinensid ; black tea and 
tea are produced bv tlie same plant, the diilereiice consisting in the 
time of picking and iiioJe of preparation of the leaves. The stimulant 
propeities of tea are due to the presence of a volatile oil and an astriu- 
gerit piinciple ; the nutritive rpiaiitic.s to a nitrogenous substance called 
theine. Tue leaves also contain caseine, which, being insoluble in water, 
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18 not utilized by us ; but it is statod that the Tibotans, after drinkiuf^ 
the infusion, mix the leaves with fat and then eat them. Assam tea is 
the produce of a species, T. Anmniwa^ a native of the country whence its 
name is derived. Ctunellm Smanqun is usi*d with O/ca fretgranit to ^ive 
iiavour and perfume to Ohincse tea ; C oldfern atfords excellent salad- 
oil. Frezia thcoides is made into toa in I’ananm. Tha Marc^rraavias 
have diuretic properties. The Souari nuts of cominerco are the separated 
fruit-lobes of Can/ocar hutyromm^ so called on account of tlie oil in the 
soeds. The timber this tree is lii'rhly valued. Many of tluj plants 
of this (.)rd(U' arc in cultivation on account of their handsome flowers, 
such as the CamvUia^ Gottlouiaf SSimrtiu, 6cc. 


CLUSTACE.E ou OUTTLEER.E. Tub Gambocie Okdeu. 

Coh. Guttiferales, Bcnth. ct Hook, 

IHnynosU. — Trees or slirubs, occasionally parasitical, with resinous 
juice ; opposite, coriaceous, t^vstipulate, entire leavt's; flowers axillary or 
terminal, perfect or diclinou'* by abortiim ; sepals imbricated or in 2 or 
more decussating'* pairs, usually p^u'si.steiit and petaloid: petals hypo^yumis, 
isomerous with tlu^ sepals, sometimes corilounded with them ; stamens 
hvp()gynous, numerous, distinct, or in sevi.Tiil ])aivel3, rarely definite, 
fllaments of various hm^tlis; anthers adnate, not beaked, sometiineM 
1-celled, opeiiinpr by a ])ore or Iransverae slit; ilisk fleshv> somedimea 
5-Iolied; ovary aii]»eri<»r, 1- or mauy-celled ; sti^quas sesaile, peltate, or 
radiate ; ovules solitary or few on axile placentas; seeds frecpiently with 
an aril, without perisp(‘rm. Embryo liir^re; cotyledons minute, fused 
together or indistinguishable. — llhistrative (Jenera: Cltufia, L. ; Garcinia^ 
L. ; Xiinthovhymu»j itoxb. ; Camlntytu^ J-i. ; CaluphylluniylA. 

Affinities, &e. — This Order is related to the Hypericacoaeiu many respects, 
but may be di-^tinguished by the tree-like habit, the leathery leaves with 
articulated stalks, tin? tendency to a binary arrangement of the floral 
envelopes, the seeds usually solitary in the cells of the ovary, &c. The 
genera with »'5-mcrou3 flc)w**rs, Arrudea, Mornnobfra^ &c., form a con- 
necting link. The reliitiousliip to Tenistrcemiads has been alluded to 
under that family. The arc describfHl as parasitical, overgrowing 

other trees and killing them ; perhaps, however, they are merely epiphytic, 
liJce Ficus, 

DlotrtbatloiL — The genera are aliout twenty-five in number, comprising 
some two hundred and fifty species, distributed throughout thu tropics, 
chiefly in South America, but some in Africa. 

Quallttes and Uaea. — An acrid juice, forming a yellow gum-resin, with 
purgative properties, is one of the most striking characteristics of this 
Order. The various kinds of Gamboge are the most familiar exaiuplea of 
this substance, and are derived from various species of Garcinia, Siam 
gamboge is yielded by Garcinia Morelia^ var. ft, pcdicvllata, Ceylon 
gamboge is said to be derived from Garcima MarellUf the fonii with sessile 
ut the Pipe-gamboge of Siam from O. picUnia ; Cooig gamboge is 
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also from n Garcinut ; G, eUiptica furnisheR the gambo^ of Sylhet. The 
species of Clmia yield a useful reiiinous juice, br do those of Cahphylhm^ 
C\ CaUiha furnishing the Eaat-liidian resin called Tacamahaca. Pvnfa- 
denma hulyracea^ tlie Ihitter- or TaUi»w-tree of Sierra Leone, is ro named 
from the yellow fattj Hiihatance which exudes from the cut fruit. Kukum 
butter, or Oleum (inrciuife, is n fatly Huhslnnc^e extracted from the seeds 
of Garvwin mdica. Although the resinous juices ai*e usually so active in 
their properties, the fruits of various Clusiaet'aa are not only edible, but 
highly prizeil for tlujir deli(‘ious llavour. The iMaihmee Apple, or Wild 
Apricot of South Aiuiu'ioa, is the fruit of Mammea ufricftnn; tln^ juice of 
tlie flowers is f»*rnienled and distilled, and the sap is made into a kind of 
wine. The eeleljruted Mangost4*<ui is the fruit of (iarvinia Mumioidana 
(native Miihicca) ; otlier spi'eies of Garnuhi, ns G. pedunndata. cornea^ 
tV:e., have edible fruits. Chma flava is eiilled the Wild Mango, or 
Moiikev-apple, in Jamaica. 1'he ‘‘ hitter ^^)la ” seeds, not to he, confounded 
with tfif‘ true (^olii, are yielded by a ( Juttifrrous tree, probably a species 
of Garcimn. 


JIY'PEHICACE.E. The St. John's Wotit Okheb. 

Coh, (iuttifernles, Bvnih, vt Hook, 

Dmyuom, — Tlerhs or sliruhs with opposite, entire, dotted leaves, 
without stiptil(‘s ; n'gular heniinphrodite (lowers, the petals iin)stly oblique 
or convoluted in the bud ; tlie many or few’ staiiiens polvadel])lious,8omc- 
tiiiuss with glands bet woen them ; capsule 1-eelled, with 2-5 placentna 
and as many styles (/V/r//rwsiVOf or»‘l-5-celled by union of tin* dissepinients 
in the centre •, dehiscence septicidal ; simmIs numerous, aperisperniic. — 
Illustrative thniera: Hypericum y L,; Pa mama, L. (abemmt form j; n^muty 
Velloz. 

Afllnltiei, ke . — This Order is not distantly removed from the (vlnsiaceie; 
but the hfibil, tlie lierinnphrodite thnvej’fi, usually dLsliuct stydes, the w'ant 
of articuliitioii of tlio peduncles and petioles, the iiiiiueruuH seeds, and the 
o-iuerons floral envelopes generally afford distinctivi* marks. From 
Ternstrceniiads they diller in llun’r cymose inflorescence and opposite 
lea\es. The dark-cideured glands on the borders of the petals are very 
characteristic here, as also the polvadelphous 8taiuen«, which are somc- 
timos n'garded ns itiRtances of but wdiich more probably are com- 

pound stamens. These stamens are sometimes superposed to the petals, 
but in Vimiia yuianensis there is also a series of antisepnlous scale.s, which 
restoiv the symmetry. The genus VarnaHmt differs from the rest of the 
Order in its nlternate leaves and the stigmas opposite the parietal pla- 
centas ; hut in some species of Jlyperiatm the axilo placentas become 
drawn apart during tln‘ ripening of llic seed, and show their reallv mnr- 
pinal origin ; and the glands on the petals of Pantama are probaUy re- 
lated to the bundles of stamens of itytiericum, Dennett considers them 
as a luoditied inner row of petals. Pamaa'^ia is regarded by some as 
referable to Droseraceio it forms a link connecting the present Order 
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with Oistacero and, Bometituea pcrijfynoiw, also with Siixifrngacoa^, 
with which latter {^roup, indeed, it is associated by Uooker. A. W, 
liennett places it near Sauva$resiuceffl, and describes tKe movement of the 
Htariietis observable in this plant as a provision for st>caring^ cross fertili* 
zation. 

Dtfltiibntloii. — There are a conaidernble number of species, distributed 
tlirou;.di M or 10 ^ehera. The plants arc j»'«*nerally dispersed throughout 
tile tt*mper.ite and wf^mer rt'gious of the globt'. 

Qualitios and Uses. — When a yellow juice resembling that of riuHincero 
exists, it is ijn>r«j or le.ss purgative, ns in stiiue Ainericnn ITyperivn, and 
still more in tlio species of ristma, which yield a gum-resin like gamboge ; 
thill of J\ tfUMiu^usi\t (Mexico and Surinam ) is known ns American (ilummi 
Gulia. In the lCurop(‘an specie's of llyim'ioum the essential oil of lli« 
glands predominates over the yellow juice, and tliey are soiii(*times used 
Us loiiic'^ and astringents. //. Atu/nmarntwi and the many other native 
sped' s ha\e a strong and peculiar odour, especially when dried; //. /nV- 
vimnn is I'm lid. 

JlKArMunTACK.i.: consist of a few plants s(*arce]y aoparable from llype- 
ricaceie. They Jiavi' slinggi seedh wit Ji a small (piantity of perispenn, and 
a pair of appendages at tlie ba'jo of the iietals Itenthaiu and Hooker 
reid* them to Tamaricaeeje, from which tlu'y diller in their solitary 
tlowers and lloury perispenn. 

KLATINAOE/E (Watkr PKfi'Kiis) are little annual nmrsh-planlfl, 
with oppridte dotless lea\ <‘s and menibraiiiiceoiis sti}mh‘H ; (lowers minute, 
axillary ; sejmls and petals ; capMih* 2 “»Veelled, with an •‘f|iial number 
of styles with cnpitiite stigmas; .si.'eds numerous, ajmrispermic. This 
little Order consists of a few .species si'iittered nil over the world, gene- 
rally acrid in character. Their relations are variously regardeil by 
ditlercnt authors: foniierlv they w'ere placed ne.'ir Ahtncrc in Carvo- 
pliOlaee.'e, Irom which their uinny-celled ovary divides them; they 
a])pear ni lea-t equally related to Hyperieaceie, from wliich they differ in 
the presence of stijmles and the isomeroiis now'ers ; they ci one near to 
Zygo]>hyJlacea:, as shown by Lindley, the transition being effected through 
the genus A/tatroj?a, 


S A PIXDACE*E. SoAP-wouTS. 

Co?i, Sapindoles, henth, ei Hook, 

Hiof/nom. — Trees, .shrub.s, or rarely herbs, with simple or com- 
pound alternate or opposite leaves ; flowers mostly unsynimelrical and 
irregular, the 4-5 sepals and petals imbrioated in lestivatiou ; the latter 
ofUm provided with a scale at tlie base ; the 5-10 stamens iii.serted on a 
fleshy hypog}-nofus or pcrigyiious disk; ovary 2-3-c^lled and lobtMl, with 
2 (rarely more) ovules in each cell; embryo mostly curved or convoluted^ 
without perisperm. 
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Suborder 1. SAi»iNr>EA3. Leavca \ 
Vfwalh/ alternate ; Jloirvn usually ir^^ 
reyular ; orulvH inontly MtUtary ; r-m- i 
bryo curved or mmctimes straiyht. 
Cardiospcrmum, X. 
pBulliinn,Z.' 

Snpindiis^ L, 

Oupaniti, X. 

Suborder 2. ITrePocASTANKiE. 
Leaves opposite j diyitatv ; ovides 2 in 
a cell^ one aseendinf/f the otJu;r sus- 
pended: endtryo curved^ with larye 
comoli dated cotyledons. 


yEaciiluP, X. 

Pavia, Boerh. 

Suborder 3. Doponea?. Leaves 
alternate ; Jlowtrs reyidar ; ovules 2 
or 3 in a cell ; embryo spiral. 
Ka^lreiiterfji, Lam. 

Opbioeary on, Srhomb. 

Suborder 4. Mi-iLinaMKA:. Leaves 
alternate : /toirers very irreyular, sta- 
mens 5, only 2 ftriile : orules 2 in 
each eellf both suspended; embryo 
folded up ; fruit a drupe. 
jV](‘iioMma, lindl. 


Affinities, fto. — Some aiithora separate the JlippoeastaneiP and make them 
a distiiiet Order, on nceount of tiu‘ opposite lea\es mid the two ovules ; 
and the Mvliomwee (which fire refiuTed to Salnaeem by lientham and 
TIooker) on aeeoiint of the iiTepitar Howera and drii]mceoua fruita; hut 
these diatinctiona are esteemed insutlicient. Tln*s(‘ plants are nearly re- 
lated to AceriU'em, ('specially by tlio samaroid fruits common here ; tlie 
main distinctions an^ variable ; for the two carpels, thii opposite leaves, 
and the abwuiei* of scales on the petfils and of an aril may bo noted in 
Sapindnc(‘ie : from Malpijfbiac(*ir, >vIii<‘Ji luive sainaroid fruit, they 
diatin|;ui8h«'d by their uiisynimelrical llowers. 'J'h(^ |)Oculinr convolution 
of the embryo la a very marked character in ninny of llie Sapinduceie, and 
is very curious in O^j/d/ocffn/ow, the Snake-nut. The wikhI ot tho stems of 
some* jfenera, such as Sapindus^ Paidlinia^ &c., presents anoiualolis con- 
ditions frmn the distribution of tlu' liliro- vascular structures into several 
ji^roups, so that the trunks have a iiuniher of woody axes besides that 
siin'oundin;; tlux* pith, nil enclosed in a common bark. 

Dlatrltoatlon. — Tho members of this larjre proup are natives of the 
tropics, espcidally of South America and India ; some occur in North 
America and other temperate rcpioiis; the llorse-chcstnut is only 
natiiralixed in Europe. 

QoAlltlos nnd tTaos. — Tho properties of this Ord(*T are very various. 
They take their name from tho saponaceous principle contained in the 
fruits of species of Sapindus^ S. ^Saponaria S;^*., w-hieli makes a lather 
with water ; hence the fruita are used for wnshinp both in the East and 
AVest Indies ; the Horse-chestnut, ^L^Undns Xr/jp//ocfr5#</WM?w, possesses it 
U) a certain extent. Tho fruits of Sapindns are acrid ; and the j nice of the 
leaves and bark of some species is poisonous, os are the seeds of S. sene- 
yalensis. The fruit and loaves of the American Horse-chestnut or Buck- 
eye, u^cidus ohio(‘tms^ an^ said to bo actively poisonous, while tho soeds 
orj^. Hippocastanmn are given to sheep in Switzerland. The Pniillinins 
are very poisonous, from an acrid narcotic principle ; yet P. sorhilis fur- 
nishes in its fruits an article of food tor the Brazilian aborigines, called 
Ouarana bread. Guaranine, an alkaloid extract(*d from various species of 
Paulliniay has properties like those of Theine. Other plants produce deH- 
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ciou3 fruits, such as the Chinese Litchi, the T^OTijran and the RambutAii, 
from species of ; and the fruits of MimitlMi vMm (l^razil), 

Mvlicmoa lt{ju(fa (West Indies and limzil), Vappm capvMsi\ Otpania 
mpida, PauUinia gubrotumiuf Mi/eithera tryupay Hapmhis cstuicntusy &c. 
are all eaten. 


St APT! Y LEA CK JR, comprising a small nurahor of species, were formerly 
Ti'garded iw related to CVdastraceiu, but are nnw placed near Sapindacese, 
from which they differ chh'Hy in th«‘ir stipuljiie, (»ppoait(s pinriat(' lea\es, 
s_)mmetrical iioworSj^perisperniic seeds, mid strai^dit (‘inbryo. They arc 
of little iin}»ortanee ; the species of StuphpJca an* .seaMe.red nil over the 
world. 'S'. jHimntay the llladdcr>iiut, a native shriih, Iiiia oily and sliglitly 
purgative seeds. 


Fig. 8o0. 


ACKRACF.E (Maplks), a suborder of 
Sapindacem, lienth. et Houk.y roiii|<ris(» trees 
or shrubs with opposite h‘aves; rejruhir, iiii- 
syrn metrical, polygamous or diteciiiiis, some- 
timeh apetalous flowers; stniii«‘iiMoii a He>hv 
disk (fig. 85l)j : ovjiry ii-lolanl, if-celled, with 
2 ovuhs in each cell ; fruit a double Maimira* 
with 1 seed in each cell; seeds wiilmut 
pevisperm; cotyledons folded, radicle inferior. 
- Illustrative Cl eiiera : AcWy L., yvi/umh^ 
Mo'Jich. 



Rtimicnn and 
ovary of Ae^. 


Affinities, Ac,— Nearly related to Snjiindacen', and ]>laced wilh them by 
neiitham and Hooker, fitnn which, however, they dilTer in their oppodlo 
h*a\esaml petals wilhout scales; allied also to Malpighinceje, from whii'h 
they difU*]' in the absence of glands on the culy.x, superior radicle, and 
oilier characters. 


DlstrUmtlon. — The group con-sists of tiO to 70 species, natives of the 
t<*mperale parts of Kurop«*, Asia, and North Traces of them 

are tirsl observable in the Lower Miocene foriuatioii. 


Qnolltlcs and Usee.— (,'hit‘Hy rt'imirkahh* for the sap, from which abun- 
dance of sugar is obtained in spring, es])e«!ially from A, ttawhirinum 
(North America). Their light and huridsomK timls*r is also valued for 
joinery &c. Tlio bait is a.>lringent, and used in ilyeing. A. mmpvdrry 
native Maple, and .1. pgvudo-pltKtutns, the Sycanmre, are eommoii tn*es 
in Jiritaiu. A, Svpmdo and various other kinds of Maple have been intro- 
duced from North Ameiita on Account of their lieauly as oriiaiiientui 
trees, especially in autumn. 


POLTGALACE.E. Milk-wokts. 

Coh. Folygalinom, Benth, et Hook, 

Diagnosis , — llerlis op shrubs with alternate, exstipiilat^, sim- 
ple leaves; irregular herumpluudite flowers; 4-y diiidelphous or 
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monadelphouH stamoiis ; llio authors opening at the apex 

l)v a pore or chink ; triiit a 2-celled, 2-seeded pod ; seeds caniucu- 
latod. 

Character, 

Thalamm flat or oblicjiio. Cahj.vi very irregnlar, distinct, 

often ineml)ninac(M)u.s : 3 placed exterior, 1 behind and 2 in front, 
the interior 2 (/ei/e/.s) hitei*al, usually:' JM'-talokl. t'orolhi: petah 
usually .‘h 1 anterior and large (/ri?/) and 2 post(*riop, Ixdvreen the 
Mings and j)oslerior si'palof the <*alyx, andofteii c dierent Milh the 
keel : some! iiiK's o, <h(‘ additional 2 small, and placed hetween the 
u ings and Ifu; anterior usepals oil each side; ili(» entire and 
with a fringe or eresi, or .‘i-loIxHl and without a eri'st. Stamena 
hypogynons, S, coherent in a tnlie, nne(pial and ascending: the 
tnho split op])osiletlje l>ack .s(‘pal ; or 4, distinct: /////Tiers chi\ ate, 
] -celled, and opiming ]>y a terminal ])or(% or 2-cellcd. Ova rtf 
com])onnd, 2~-;>-celled, one cell always suppressed in some cases; 
vvalr.^ snsptmded, solitary or twin : stiffs and .s7 //////// simple, sona*- 
times hooded. Fraif \arions, ilrv or snccnient, sometimes wing(*d : 
,secth pendnioiis, naked or with a hairy (*oat, a caruiiclo next the 
hilnm ; nnhrtfo straight or in*arly so, in abundant pindsperni. — 
lllustrati^o ( lenera : /SV/T<o>/o»//a, Lour. ; 7^///////////, li. ; J/umfita, 
kunth; Moanhta, itniz*.^ Pav. ; Uccuridacn, L, ; XatUhoplujUum, 
l{o\b. ; /(rameria, Lodfl. (?). 

AIBnltloii, Ac. — The relations of the Polvgalarea; June bre/i a subject of 
niucli disciisaion among hotimists. The iiTcguhu* calyx and c/irolhi, some- 
W'hat pspilioimceous in 7W////f//f/, has l«*d to a coiypavisoji to Legiiminosa', 
from which, however, they diJhT widely; morfo\»'r tin* 0(hl jalaJ is 
anterior in Polygjihids. not next the avis ns in Legnininosse. The irregu- 
lar petals, together with the Inaaled stigma, have suggested a relationship 
to A iolacea* ; JJrown ])oint.«*d out tlieir relation t<» Tremandraeejv, of 
w'liich they may he considered irr<*gulur forms ; Kramer in has b(*en re- 
fi'vred by some writers to tliu Cjesalpineous division of the Jjegnniinosn^. 
Most authors, however, ar»' agreed that the nearest atlinity is to Sapinda- 
cem. Knifneria is r.iisetl to the rank of a distinct Order by a few writers, 
on account <4* the ditTt*rent corolla, composed of o petals', 4 (nft€'n free) 
stamens, and 1 -celled ovary, has sepals, petals, and stamens 

connate into a tube. XtmthiphfU'im has frw stamens, 2-celled anthers, 
and a l-c«‘lled fruit. Peris}>enn is sometimes wanting. The poUj^^^'iif' 
2\)/iff/a!a is elliptical, with nmiierous bands, 

l>lstiibQt|0fi« — A 1/irge Order, nearly half the spt»«feS*^f which are 
comprised in the genus Poh/f/afa and are very generally distributed ; the 
others are mostly coniined to particular quarters of tho globe. 

OoalltlM and Vaea, — 'flie plants of this Order are mostly bitter, and 
aciid or astringent, with a milky juice in the root. The common Milk- 
w'ort, 1\ ndf/aris, and especially the form called P, amara^ possesses 
hitter properties, but in less degree than P, rubella of North America. 
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i^onUnnea amara (Mtjlucca) is said to he iiitoiisolv bitter. Tho iiioro 
active species of Pohjf^ala Imv4* emetic, piirprative, and diureiie properties: 
r. Svnvfia, the AmericRii Snalic-root, with 7*. «a//r/w///e« ami fiitrpitira, tlio 
Cape J\ Serpcntaria^ the bIiiropi*aii P. duniKPhtum, ami tin* P. rroftiln- 
7‘iW/rs of the Hiiiialnvas '&c., all show this pi*f»pert y ; and they are like- 
wise all reputod aiilidotes njraiiistthi^ poison of snakes. ]\ rmenoM (.lavji) 
is repirded as n poison, the proi>erties lieiii^ exees.-ivelv coiiit utrnted. 
P. tinrforiit (North Aiuerica) js UM’d in d>eii'p-. 'j’he barli of tlie root «>f 
a species of Mun<Ht% coiitaiha n saponaceous siibstam’e, mid is used for 
wasiiinp Krameriu intuttha ‘ami otlier species, i-alled iUnitnny, an? 
remarkable for the powerful aatriiipMit quality of the roots, which ptes 
a deep red colour to an infiisiom iUiutaiiy'root is used in medicine, and 
is employed also to ndultciato Port wine. 

TriEMANmiACKiB are a small Order of plants ridatcd to Polypilact^jp, 
but with a reprular, ay m metrical (lower, \alviite calyx, iVei* Rlameiis, and 
seeds booked at the chalaxal end. Tliey may lai ret»arded as re^rular- 
flt»wered Polygalas. I)e ( ’aiidolle pbu'ed tliem between Polygalnci'ie inid 
l*itU)8poraceiv. —Tliey are slight, bfathy shrubs, growing in Australia: 
1(1 sjieciesare known, belonging to tho geni‘va Tmnonth'a, 7V//vrf/im/,and 
Plftijftheca, They diTive (heir naiue from llie porous dehisceijets of tiio 
anthers, and are of no known use. 

M.VLrJ(HIlA(’E.d*' 

Seriv» Discifloiu*; Cohort Oeruniales, livtUh. vt Hook. 

lyiaijmmln , — Trees or shrubs, often clliiibcirs, with UMiiiilly onpositt* or 
whorled, rarely aileinate leaNe**; stipuh s geiierallv short and deeiduous, 
oecasiomiHy large and opposite the leaves ; (lowers )»erlec(, or pol\ giuiums ; 
caly.v and corolla o-iiiei’ftus, caU \ iili glands at the base of I or of all tiie 
segments; petals clawed; stamens mof,ily 10, oiten inouadelphoii.s with a 
tliickened produced eojmecti\e; caijtels .‘1, or very r.ireh 2 or I, >^iolJy or 
partly coherent, often keeled ; o\ules solitary in the cells, iieiirlulous from 
tong (iinicidi ; sj-cds apfTjq>eriiiic ; embiyo with mostly con^olllU.» thick 
or leafv cotyledons. — illuslrativo (leiiera: Mafpi^hia, Plum.; Jlirfca , 
Oaut/tvhduJia ; PaninlvnUf L. 

AftnltlM, to — The closest relations of this Order are Siijiindace.T! and 
Aceracem, from which they are distinguished by tlieir syminetrical flowers, 
ami generally by the glandH in the calyx, the long stalJcs to the ])elals, llm 
ainnll disk, and soUt4iry uviile. ]\liyiy of the species have dimorphic 
ilowers. Some of the climbing kinds have stems of auoinaloug structure 
with several woody exes, without aniuiul rings, enclosed in a cotiifiion 
bark, or ultimately more or lesM sejairated from one another;* Aitroria^ a 
genus of saline plants, is soiiifiimes separated as a, diirfxnct Oi’der. 'fwo 
or more enibiyos in the same set-d occur in some sjiecies. The Order is 
a lar^e one, comprising many genera and species, wliich latter are mostly 
Tropical- American. Their properties are generally uniinporlant; many 
of tliem have been introduced into our stoves on ar*coutjt cif their show'y 
flowers. The fruits of Mtilpif/hta tfhbra and jnmirifoUn are eaten in the 
West Indies, under the name of Baibadoes Cherries. Muuby supposes the 
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sedative or semi-intoxicating; drupe of Nitraria iridentata (North AMca) 
to have been the Lotus of the ancients. The bark of most kinds is as- 
tringent ; tile htiii‘8 of some Mnlpighias sting pon^erfully. 

ERYTinioxYLAnKiE are by some authors separated from the Malpighi- 
acere on account of tlie calyx having no glands, while the petals present two 
nieinbranotiM plates, on account of their capitate stigmas, and the absence 
of a long funiculus to the anatropous ovule. They are closely allied to 
Linacech, with which, indeed, they are associated by "Bentham and Hooker, 
hut differ in the pr(3seuce of st^alcs to the petals, their drupaceous fruit, 
and woody stem. TJiey are shrubs, mostly belonging to one genus, J?n/- 
throxylon^ and found most abandantlv in Brazil ; but a few are scattered 
all over tlie glolt*. Tlu'v receive their name from the red colour of the 
wood of some kinds, such as MiylhroAtflon hypvrwifoliuvi (Mauritius). 
The most remarkable plant of the Oi*der is JE. Cora, tlie leaves of w'hicli, 
under the name of C-oca or Ipadii, are largely consumed in Peru and in 
Kquiitorial America, to prodiu e a kind of intoxication ; “ Coca ” is said to 
enable the natives to go two or three days without food ; it is mixed with 
powdered clialk and cliewt‘d. its properties are due to a principle like 
Theino, which arnists the sense of fatigue and hunger. Several species 
of J^rytliroxyloH lU’e recorded, tuid two or thr<*e belonging to other Genera. 

]\rKLIACE.E. 

BvneR Disciflorm ; Coh. Geraniales, Brath, et IIook» 

THaynom . — Trees or shrubs wdth altt^rnato or somewhat opposite, 
simple or pinnate leaves, w'itliout stipules : ilnwers sometimes dicliftous by 
abortion ; calyx and corolla 4-, or »i-merous j stamens twice us many, 
coherent in a long tube or free ; anthers sessile in the orilice of the tube ; 
hypogyuoiis disk sometimes ciip-like; ovary fi’ee, compound, few- or 
iiuiiiy-cellcd ; styl(! 1; ovules 1-2, rarely 4 in a cell ; fruit succulent or 
CHpsuliUj, ofiJ‘n 1 -celled by abortion ; seeds n<»t winged ; perisperm fleshy 
or absent. — 111 iislrutive Genera; Melia, L. ; IVichilui, L. : Ewietefiia, It, i 
Ccdrrla, L. 

Afflnltlofl, &e. — Nc'arly related to liutace.-n. It differs in the leaves, 
which are generally not (lotted, and in the staminal tube; from Sapinda- 
cero in the ascending ovules, w'ith ventral raphe. The species are nume- 
rous, and are found in the hotter parts of the globe generally ; they possess 
bitter and astringent properti(»s: some are powerfully purgative and 
emetic, such as (Juarra Aahlctii and tHchilirnden, Trichilia nnetica, itc. 
Melia Azrdavarh, the Nocni-trec,-or Margosa, of the East Indies, is sup- 
posed to have febrifugal properties ; ii.s succulent pericarp yields an oil ; 
and a kind of toddv is obtained by tupping it. Carapa ytunemusis yields a 
purgative oil, which is used also for lamps, Laminni, a geuos of the Eost- 
ludian archipelago, yields on edible fruit called Laugsat or Lauseh and 
Ayei^Ayer. 

The (JedreleaB are distinguislied from other Meliace® chiefly by the 
free stamens and the numerous winged seeds. Vhloroxylon and Flmder- 
sia have dotte^d leaves. The plants are most common in the tropics of 
Amerk'-n and India. They have fraja’ant, aromatic, and tonic properties, 
and their timber is valuable. Swietenia Mahoyani is the Mahogany- 
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tree ; its bark, iwnd that of Cedrola Toma, febrifftf/a, and other spooiefl, 
are used as substitiitea for Ciuchoua. Chloroxyhn. SwiHenia furnishes 
East-Indiaii Satin-wood; and an oil called Wood-oil is obtained from it. 
Oxhya xanthoxyla is the Yellow- wood of Australia. 

AUEANTIACE^. The Ora.nge Order. 

Series Discifloraa ; Tribe of llutaceoD, et Hook, 

Dinynosis , — ^Treos or shrubs with smooth, glandular alternate leaves, 
the blade jointed to the petiole ; H(»wers regular, hermaphrodite, .*1-5- 
merous ; petals and stamens inserted on an hypogynoiis disk j stamens 
with flat filaments, distinct or coherent into one or several parcels ; ovary 
mnny-celled, style single, terminal ; fruit pulpy, often with a glandular 
leathery rind ; seeds without perisperm ; embryo with thick fleshy cotyle- 
dons and a short radicle next the hihiiu. — Illuslrative (lonera : Tripharntj 
Lour. ; Bergera^ Keen. ; Coukia, Somier. ; IWmiia, Corr. ; xlighy Corr. ; 
Citrusy 1j. 

AffinltioB, &c. — The plants of this Order are by Bentham and Hooker 
classed 08 a tribe of liutaccfr, and are nearly related to the Meliacem in the 
structure of the flowers, and still more clostdy to Amyridaci ie. Iti giuiernl 
they are distinpuisliable by the dotted leaves, witli the hla«le (siiu])lc or 
compound) articulated to the petiole, the d(*eidiious imbriealt'd petals, 
and the succulent fruit. The relation to Ilutm^em is reialered clearer by 
occasional monstrositic's of the fruit, from which some, of the cari)els grow 
out like horns. Sometimes a second circle of carpels is produe(*d, forming, 
as it were, a double concentric fruit, comparable in some measure to the 
conditions in the I’oniegranale, whei-e, however, tlie whole fruit is eji- 
closed in the excavated receptacle. The pidp of the Orange consists of 
cellular hairs produced from the a\h 11 of the fruit. '^I’lie seeds of Oranges 
often contain two eftibrj'os; and lh(?y Hri5 remarkable for the dev(.‘lo|H 
nient of ramified collections of spiral vessels at the chidazal end, within 
the teste, also for a peculiar coloration of the inner coat of the seed in 
this situation. 

Distribution. — Chiefly East-Tndian plants, but diffused by cultivation 
throughout the tropics, and even in the warmer temperate regions. 

QualitleB anrt ITbob. — 'J'Jie most remarkable parts of these plants are 
their fruits ; those of the genus Citnts being among the moat valuable and 
beat-known of imported fruits. The species of Ciirtis are not clearly de- 
fin(‘d, much difTi;rence of opinion existing os to the specific distinctness of 
certain fonns, which, as in tnost culrivatf»d plants, awi much confused. 
C. Auraniitini is the coupon Sweet Orange ; C. Bigaradia or C. m/gar is, 
the bitter or Seville Orafl^, seems to be known only in cultivation,* and 
is supposed by some to be a variety of the prweding. C. Bergtwtia is the 
Mellarosa or Bergamot Orange, which is also regarded as a variety of C\ 
Limettity the cultivated Sw^eotLiine; C. ocida is the Enat-Indian Lime; 
C, Limomm is the ordinary Lemon ; C, Lmnia is the Sweet Lemon, cul- 
tivated in the South of Europe ; C. medica is the Citron ; C. decunmnn is 
the Shaddock ; C, Paradisi the Forbidden-fruit ; C, Pompelmos the Pora- 
pelmo^ise ; and C. jnponica the Kuinquat. All these^ ii’uits have an 
abundant pulp, which varies chiefly in the degree of acidity and the 



236 


SYSTEMATIC BOTANY, 


peculiar aroma ; that of C, Bigarndia is also bitter. The rind of all is 
IVa^THnt, from the presence of imbedded glands containing essential oil of 
aromatic and bitter character ; the flowers partake of the aromatic quality. 
The oil of Neroli is obtained from the flower of C, Bigaradia; hut the oil 
of the rind is also used for inakiuf^ Orangc-llower water. Gil of Berga- 
mot is from the How er and rind ot the fruit of C\ Bt'rganiia ; hiiile 
drat from C. mvdica ; the <*.«»scntial oil of the Leinon-rind is also largely 
used. "J’lie rinds are also valued for their bitter and aromatic properties 
'when dried or preserved with sugar. The dry rinds of Orange, l^omon, 
&c. an* used as stomachics in medicine, in infusions and tinctures ; and 
are also employed in th(^ preparation of liqueurs and eordials, such as 
Curayoa Siv.. : the fruit, rind, and pnlp, when proserved with sugar, form 
“ niarniHhide,” the best being madeirom the Seville Orange. The acidity 
of the Li me and liemon depends chieHy on th(^ presence t)f citric acid, and 
renders them very valnahh* as antiscorbutic agents. Aujh Marmehf^^ the 
Bael-fruit, sometiiiie.s used in cases of dysent(‘ry, has a delicious fruit, 
whicli, however, is laxative; the riiid is used as a vermifuge. Conkia 
ptmetata yields the Wampee, highly valued in China and the Kost-Iu- 
dian Archipelago; and the fruits of othe.r plants of the Order eaten. 
The wood of nil the trees is hard and compact; the foliage shares the 
fragrant character of the fruits, containing abundance of glands tilled 
with aromatic, hitter essential »)ils. The Orange, Lemon, and their 
varieties are largely cultivated in the South of Juirope in the open air ; 
and in our conservatories they are ovcrvwhero prizeil, on aceoiini of th«‘ir 
striking appi'aramu* when in fruit and the delicious p(‘rfume of the flowers. 
Orange- and Lemon-trees are \vonderfully prolitic of fruit ; and the plants 
retain their vitality with great obstinacy when taken from the ground and 
transported to a ({istance, and when they aro multiplied by cuttings. 

LI N A CIL'E. Ti] K Fhxx 
Strios Oiscitlorje ; C(di. Geraniulos, Benth. et Hook. 

DiafpioHK. — Herbs, or sometimes shrubs, without stipules; ’^ith re- 
gal ir symmetrical hermaphrodite flowers, 4 -5-mero us throughout; calyx 
imbricated; petals convolute in a*slivaiion; stamens usually 6, coherent 
at the base, often with intervening sterile stamens; ovary compound, of 
about as niaiiy carpels as there are sepals ; styles distinct ; capsule mauy- 
celled, t'ach cell divided inon* or hjss perfectly into two by a false septum 
from the ilorsal suture, each compartment with one seed, having a straight 
oily embryo and with, or rarely without, perisp&'iu. — Illustrative Genera: 
Liuum^ Tj. ; Badinia, Dilleu. , 

AtfinitioB, &c. — Most nearly related to Oxalidaccm, hut likewise con- 
nccled witJi Cnryophylhiceic, Malvncero, and Geraniacea) by the general 
structure of the tIowei*s, the coherent Btaineiis, &c. ; but the simple entire 
leaves and the peculiar structure of the capsules are very distiuctive marks. 
From Malpighiacem they dilfer in their glandless calyx. 

plstrStmtlon. — A small Oi-der, generally di (fused, but most abundantly 
80 in JOurope and North Africa. 

Qaallties and Usea . — Liwtm cafharficum, a native weed, has active 
purgative propm’ties ; hut the most important plant of the Order is X. 
u^iatmitmmy the liber-flbres of which constitute Flax, while the seeds, 
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known as Linseed, peld a most valuable drying^-oil, and their cake ferms 
an excellent material for fattening cattle. The (lowers of iminy species of 
Li/mm are very showy (blue, yellow, pink, but an^ mostly fugacious. 
The iiowers u| sumo are dimorphic. 


OXALTDACE.Ii!. Wood-Soriiels. 

DiscifloraB ; Tribe of Geraniacfitr, JJentli. et Hook. 

lUatfnosiH. — Herbs,® or raraly shrubs or trees, with an acid juice; 
mostly compound alternate leaves; regular, syinmetrieiil, herimiplirodile, 
^)-nierou'5 flowei-s; calyx imbricated, and petals convolute in testivation; 
stamens 10, somewhat tnonadelplioiis ; slylt's 5, separate; capsule o- 
celled, sevornl-seeded ; seeds perisperiuic; embryo straight or curved, 
liadicle superior. — Jlliistrative (leiiera: 0.taUH^ L. ; Acerrhoa^ L. 

Affinities, Ac. — Nearly related to Geraniaceir, with whieli Bentham and 
Hooker unite them. From Linacejc they may generally bo distinguished 
by their compound leaves; but the 8m)ta in the capsules of that Order 
aftbrd the most constant distincti(»n. The seeds of Odula havi' an elastic 
fleshy coat, which (»pens with elasticity and expels the seed Avheii riue. 
Some regiird this as an aril, ollnu’s nn a development of the testa. iie 
leaves of many kinds arc sensitive, espcM'ialljr Ojrali/i seiiatfivn ami Aovr^ 
rhoa Jiilhuhi\ but others possess the quality m lower degree. O. hupleU’* 
rifolia and some otluir species have phyllodtis. 

Distribution. — A rather large Order, the inembors of wliich are g('ne- 
rally diffused in temperate and hot climates; im»st abundant in Amencn 
and at the Cape of Good Hqpc. The shrubby kinds belong to hot climates. 

Qualities and Uses, — The nifjst marked property of Oxalin is the acid 
juice, depending on the pre,sence of oxalirf aeid. O. AceUmlUiy Wood- 
sorrel, abounds in oipp woods. Awrrhoa BiLimhiy the Blimbing, yi. G/- 
ramholay the Oaraitihole Of the JCn.st Indies, have, acid fruits, which are 
eaten b^^^he natives, but used chi<j(lv us pickles by Europeans. Soino 
species 6f Oxalis have tubers furnishing wholesome food. O. crenata 
(Arracacha) is used lihe potatoes in Columbia; (). />cp/)ct bus roots as 
large as small pafsneps. The tubers of 0. anthebnuttivn, the Mitc.lia- 
initcho of Abyssinia, are said to be viduable us an anthelmintic. Many 
kinds are cultivated on account of the beauty of their flowers. 

GERANFIAUEjE. Cjiane's-billij,. , 

Series Hisciflorm ; Voh, Geraniales, Bimth. et. Hook. 

Viagnom. — Herbs or shrubs, with articulated swollen stem-joints ; op- 
posite or alternate leaves, And membranous stipules ; regular or irregular, 
Hymmetricul, hermaphrodite, 5-merou8 (lowers; sepals imbricated and 
petals contorted in mstivatipu ; stamens mostly 10, coherent at the base, 
the alternate ones shorter and sometimes barren ; carpels d, adherent to 
a central prolonged axis (carpophore), from which they separate when 
ripe by the elastic curling-back of the segments of the style, carrying away 
the l-seeded dehiscent cocci (fig. ^5l).'-^lllu8trativ6 Genera Erodiuiny 
H4rit. ; Geramu/n, llerit. ; Moitsoniuy L. ; Belargonium, lltSrit. 
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Afflnitlef, Ae. — Many points of affinity exist with Oxalidacees, Linaceos; 
and Balsaminaceee, likewise with TropicolaceaO) and, loss 
important ones, with Zy^^ophyllacese. The arrangement Eig. 361. 
of the carpels round a column, the palmate leaves of 
some kinds, the monadelphous stamens, and the convo- 
luted embryo cause a good deal of resemblance to some 
of the MalVjicefe. The peculiar fruit, the stipules, the 
swollen joints of tlio stem, and the convoluted embryo 
separate this Order from the nearest allies. From Afalva- 
ceio it may be distinguished at once by the imbricated 
rostixation of the calyx. Margimium is remarkable for 
a spur or pouch extending from the base of the calyx and 
adherent to the peduncle. Most of the plants have 
aromatic oil contained in glandular hairs, giving a musky 
or other strong odour. 

Dlstrllmtloii-— The species are numerous. Geranium 
and Erodium belong cliiefly to the tempt'rale paints of Fruit of Geranium, 
tlic Northeni Ileiiiisphore. Pdarginnum abounds at the '*’*‘*' cfirpo- 
Cape of 0 nod Hope, and ocem^s in Australia. One 
species is found in Asia Minor. 

Quolltlofl and Usefti — Astringent and aromatic properties are general. 
Tile com moil weed 0\ llohertianam liad a reputation formerly, and the 
(J. maciilatHmi or Alum -root of Nortli America, is a powerful astringent, 
containing n large amount of tannin. Tlio species of pjrodium wJiich 
emit a musky odour arc said to have similar properties. Some have 
tuberous niolsj that of Pelargonimn tride is enien at tlie Cape of (food 
Hope. The species of Priarf/onmm are remarkable for the beauty of their 
Howers, which arc more or less in-ogular and spurred, and have great siis- 
coptibilily of iiiiproveimmt by culture, and a tendency to run into varieties, 
rendering them established ‘‘ florist’s flowers.” Many of them have zones 
or belts of colour in the knives. The species of Geranium proper have 
regular flowers without spurs j others ai'o very fragmnt. 



BALSAMIIVACE.^. Balsams. 

Series Disci flora ? ; Tribe of Geraniacero, JimtL et Hook. 

Diagnosis . — Annual plants with succulent stems, full of bland wateiy 
sap ; liowors liermaphrodite, very irregular; stamens 6, somewhat united ; 
the fruit mostly bursting elastically when ripe. Embryo straight, apeii- 
spermic. Kadicle superior. — Illustrative Genera : Impatiemi L. ; Hydro- 
cera, Blum. 

Attnltlea, fte. — ^This Order is nearly related to Geraniaceas, and is included 
in that family by Beiilham and Hooker, but may be distinguished by the 
want of the peculioi* carpophore of that Family, and by the much greater 
irregularity of the flower; the irregular flower also s^arates it from 
Oxalidaceto and other alli(?d Orders. This irivgular flower does not really 
depart widely from a symmetrical condition ; it is completely fi-merous, 
except in the suppression in Impntiens of the petal opposite the bract 
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(which is develop<^d in Hydroeera ) ; the two small lateral sepals, tlie spur, 
and the double segment on the opposite side to the spur form an imnri- 
cated oaljrx of five parts ; the odd petal opposite the two confluent sepals 
is suppressed, and the others are genermly combined into two 2-lol)ed 
bodies, but are sometimes free ; in single flowers th(* stamens alternate with 
these ; in double cultivated flowei-s a second corolline circle of five petals 
sometimes appears in the place of tlie stamens, and the stamens alternate 
again with these. Tl»« structure of the ovary and its mode of deliiscence 
are also deserving of notice. The name of the genus Impatiem is derived 
from the elasticity with whicli the capsule bursts when iouclied after the 
seeds are ripe. The species aro rather numerous. A few are scattered 
over the globe ; but the majority are Kast-ludiau. Their properties are 
unimportant. I, Bnlsamina is a valued lender annual plant; i. Noli-me~ 
tanyere grows in the north of Kngland ; and /. fidua (North America) is 
naturalized in some places in Southern England. 

ViviANACKiE aro a small Order of South-American herbs or half- 
shrubby plants, related to Oeraniacem, but having a valvate calyx and 
perispermic seeds, i’roperties unknown. 

TROIVEOLACE.E. GAiinKN-NASTUimiuts. 

Series Discifloruj; JVihe Pelargoniem f/Geraniacero, Benth. et Hook. 

Diaynom,— Smooth trailing or climbing herbs witli a jjungent juice; 
leaves alternate, oxstipulate ; flower.s axillary, irregular, perl’ect; sepals 
3-5, the upper or posterior one spurred ; petals 1-5 ; staiuena (>- JO, peri-, 
gynous, distinct ; ovary superior, of 3 or 5 carpels; style single; stigmas 
3-5 ; ovules pendulous, 1 in each carpel ; fruit dry ; carpels separating 
as indehiscent acheiies from a central axis ; seeds large, aperisperuiic. — 
Illustrative Genera : Tropaiolum, L, ; (JhytwtcarpiiH^ Don, 

AfllnltlM, Aio, — A small Order of plants, natives of the t<*mpcrate parts 
of South America, related to J^imnantlioceiu, Malvaceae, and Geraniaceo), 
and included in the latter family by Deniham aud lloolter. The genus 
Tropoiolum contains tlie garden NaHtiirtiums, or Indian (Presses, notable 
for their pungent juice, somewhat like that of Crncifene. Vaxious species 
have a tuberous root; that of T. tnheronum is eaten iu Peru. The spur 
of the calyx of Tropeeohim is curious, resembling that of Pelaryoniutn^ 
but is free from the peduncle. In some cases it would seem to bo a 
tubular process from the receptacle. The flowers are mostly showy and 
of great variety of colour, Tne Canary Creeper, T. pereyrimm or adun~ 
cuniy may be noticed for the power of the full-grown plant to obtain its 
nourish inont apparently almost entirely from the atmosphere, and for its 
climbing by twining its petioles, like Clematis, 

Limnanthack.^, a small Order of North-Araerican plants, are chiefly 
distinguished from Tropmolacem, with which they are associated in the 
family Geraniacea by Beiithiim and Hooker, by their regular flowers, 
erect ovules, and the adherence of the stamlhis to the calyx. Their 
properties are analogous. Umnanthes (California) has showy flowers. 
Fhtrkia (United States) is a mere weed. 
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ZyOOPliyLLACE.E. Bean-Capees. 

Senm DisciHoraci ; Coh, Gerauiales, Jlook. et Bmth. 

DifUfmmti. — Herbs, shrubs, or trees with opposite • mosUy 

imparipiuiiiite, not dotted braves; enlyx and corolla 4-B-mH(rous, imbri- 
cated in lestivation ; stamens twice as many, bypoprynoua, each often at 
ilie back of a a^alc ; ovary surrounded bv glands or n toothed disk, more 
or le«8 deeply 4-fl-lobed, 4- 5-celled ; fruit capsular^; dehiscence valvular 
or into cocci ; few-seeded ; p<'risperm spariuL^ or none.- -Illustrative Genera: 
'Tnhnlm, 'rournef. ; Vvfjanum^ L. ; Ftufonh, Tournid*. ; YAjifophyllum, L. ; 
Larrviiy Cjiv. ; Ouaiamm^ Plum. ; Mdianthm^j L. {‘f). 

Affinities, Ac.— This order is very closely allied to HiilHcepR (but differs in 
habit, the sealv stainens, and dolless heaves) through Pvifanun^ wliich i» 
pliiced hero cliiefly on account of its stipiiliiU^, not dotted, opposite leaves. 
With Siinarubacem it agrees in tin^altachnient of the staimuisat the hack 
of a .scale, hut differs in the .short .styles. Melianthua is an anomalous genus, 
whieh by sr)ine aulhovs is taken as the type of a distinct Order supposed 
to have its ueart'st njlations in ( h^raiiiaceir* and SapiridiwiesB. Zygopliyllem 
are closely related to Malpighiacefc, but dilfor in thtdr glandless calyce.s, 
scaly stamens, iS:c. 

Dlatribution. — The species are not very numerous, and are chiefly found 
in the wnrin temperate rc'gions of the globe. Zfftjophjfllum and Trihitlus 
are especially characUn'istic of diy regions of Egypt, Arabia, and Scindo, 

Qualities and Uses. — The so-ealled gum-resin, Guaiacum,is derived from 
Onniucum ojfivinnlv, tin* bark and w«Kid of whieh are also employed as 
diaphoretic and budoritic agents ; (». mmtum h is similar properties. The 
h\av(!S of thebe and of Porliera are u-^ed in place of soip for scouring 
in the West Indies. Tin*, remarkably hard wood called Tjignum Vita) is 
derived from Ouaincum o/^'cfhrt/e or some other species ; all the arborescent 
phmts of this Order have, extremely haird w'ood. The flowers of /i/r/o- 
plufUtwi Fabftffo are used in the East for pickloa, under the name of Hean- 
capers. l^he seu^s of Votjaninn Hannah are used as spice in Turkey, and 
also in the produetion of the celebrated Turkov-n'd dye for cotton. lAirrea 
moricana is known by the name of the C-reasote-plant. Zyyophyllum 
simplex has a very bad odour. 

KUTACE.E. TiiJ? Eur Ohdeji. 
fetV*s Disciflorm \ CV^.*Geraniale8, Jlenth, et Hook, 

Hiaynosis. — Jlerba, shrubs, or trees with Birn}do or compound exstipu- 
lalcloaies, dotted with tran.spareiit glnnd.s<contaiiiing aromatic or acrid 
oil ; flowers regular, 3-6-iiierou8 ; the ataim*ns equal to or twice as maffy 
as the sepals ; the 2-5 pistils separate orcombint^ into a compound ovary 
wi^ as many cells, ses-^ile or raised on a prolongation or the recep- 
tacle (gynophore) or glandular disk; style simple, or divided below; 
fruit with the carpels either coherent or separating and bursting by one 
or both sutures ; seeds in pairs or solitary ; perispenn present or absent, 
radidle superior. — Elustrative Genera : Galijieaf Aubl.; Ticorea, Aubl. ; 
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Btmmia, Smith ; Bf^ostemoi^ Smith ; Correay Smith ; Diostnay L. ; JSa^ 
rostnoy WUld. $ Dictamiusy iS. ; Rutay Tournijf. 

Affinities, Ae.-r-This lai^ge Order is sometimes divided into two, KutacesD 
and OiosmeiB, latter including the greater part of the genera ; but tlie 
distinctions seem insullicieut — ^e JiorofiietBy which have the separable 
endocarp Siippi&ed to be bbaracteristic of Diosmvtty having perispermic 
seeds like Itutea, ^ntbam and Hooker make the ord(.T a voi’v compre- 
hensive one by including the following os tribes 1. Cusporieic, 2. Hiitem, 
o. Diosinem, 4. Boronieao, 5. Xanthoxyleie, G. Toddi^ese, 7. Aurantiein 
(see antcy p. 235). Most of these ore separately treated in the present work, 
ns being more readily understood by beginners. The Order is connected 
with Zygophyllacenc by Peranum ; it is related also to Xanthoxylacem, 
which are perhaps merely poly{ 2 :amoUs Uutacete. There is also an alHnity 
with Aiirantiacem (which diller, however, in the fruit), and with Ana- 
cardiaceae.^ Corrmy with its monopctalons corolla, ftcems to approach 
Ericaceie, to which the lioromem have much resemblance in habit. From 
SiniariibaceiB and Terebiiithacoie liutals differ in their glandular leaves 
and in the nature of the fruit. 

Distribution. — Rata and its allies are found chionv in Europe and 
North Asia; Piosmoy liarosnia, &c. at the Capo of CJoou Hope ; Romnia, 
Rriostetnotiy S:c. in Australia ; fuid (Jalipeay Rsenbeckiay and their related 
genera in Equinoctial America. 

QnaUttes and Dsmu — Gencrully remarkublc for a strong aromatic or foetid 
odour, aud possessing antispasiuodic and tonic properties. Angostura 
bark is derived from Oalipea ojficinalisy aud nppm'enily from G. Cmpana 
i^onplandia irifoliatayy Mclambo bark nvobaljly from some allied plant. 
The Dork of JEsmlM^ckia fehnfuffa is useu in place of Cinchona in Brazil ; 
and that of 7'icorea fehnfaya is auotlier of the “ (iuiiias of Brazil. The 
Bucku plants of South Africa are species of RarosmOy Diomiay and tlieir 
allies; their foliage, which is extremely glaiidulnr, has a very strong 
odour ;*and !>. crenatay nerratifoliay and others arc used as nntispasmodic 
and diuretic agents. The leaves and unripe fruits of Kuo (Rata yraven^ 
lefos) are imtispasmodic, and are also said to be emmenagogue aud anthel- 
mintic : R. mQntana is acrid ; and its juice is described as vesicating tho 
skin, and even producing erysipelas and ulceration. The leaves of Correa 
alba and other species ore used by the .settlers in Australia for Tea. Many of 
the liutacem are favourite greenhouse plants, such as RorontUy Eriostemony 
&c. Dictamnm Fra^vineUay a South-Europen n plant, common in our gar- 
dens, is very glandular, and it is said tiiat the volatile oil remders the atmo- 
sphere about the plant inllaminable in veiy hot weather. This account 
requires confirmation. These gland ulaa plants are of course very inflam- 
mable in themselves. The root of Todaulia aeuleata is used in India as 
an aromatic. ^ 

XANTHOXYLAGE-^ are trees or shrubs with alternate or opposite, 
exBtipulate, simple or compound, dotted leaves, and flowers membling 
those of Rutacem in almost every respect, excimt that they are constantly 
polygamous, and sometimes have succulent fruit; seeds perispermic.— 
Illustrative Genera : Xanthoxylony Kunth ; IHelea, L. 

Affinltlmi, Aob — ^The Xanthoxylaceee are united by some authors with tho 
Butaceffi ; their more remote relations are with Aurantiacece and Ana- 

B 
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cardiacceO) wliich, however, not only differ in their fruits, but their seeds 
have no pt^risperm. There is a considerablct alliuity to the Euphorbiaceee 
and to I'rajcinus among the Oloacem, IHelea having even a aamaroid fruit. 

Distribution. — The s 2 )ociea are not very numerous^ and are generally 
distributed, but are most abundant in America. 

Qualltios and Uses. — I’uugent and aromatic. Xanthoxylcnf a g^onus re- 
presented in North and South America, as well as in ' India, China, &c., 
emineutly possesdes those characters, its species being commonly called 
I'eppers in their native countries. X Clara and jfa.ritumn (North Ame- 
rica ) are powerl'id diaphoretics and sudoritics ; A", nitidnm (China) has 
n similar reputation ; A' hynnale (Jlrazil), A", piparitum (China), &c. are 
amdugous. I'Jio unripe cnpsulcs of A". lihHsa are aromatic, resembling 
oraugo-peel. 'I'lie fruit of Ptelea has a strong ai*omatic bitter taste, and 
has been used us a substitute for hups. 

SIMAIIUJIAOK.E arc trees or shrubs with alternate cxstipulate leaves, 
without dots, usually eoiuponnd ; llowers diclinous or polygamoiLs ; calyx 
and corolla d-b-inoruiis ; stamens 8-10, emergiugfrom on hypogynous disk, 
filaments usually with a scale at the back ; autliors bursting longitudi- 
nally ; oviuy stipitale, 4-o-lubed; fruit of 4-t5 iiidehiscent drupes round 
a coiiimou receptacle, or capsular or samai‘oid, with 1 pendulous apeii- 
sj)emiic seed in each compartment. — Illustrative Ooneiti : Qtiasaiay L, j 
iSimarabu, Aubl. ; Ailaut/ias^ Desf. 

AAnltlofl, &e« — Ileloiigiug to the Rutaceous group, these plants are most 
closely allied to the Zygoph} llaceie by the stamens and dotless knaves, to 
the Ochiittcofls by tlit) *do(‘ply lobed ovary, — dillering from the former in 
the structure nt the fruit and the number of seeds in n cell, from the 
latter by the absence of ii largo disk and the dehiscence of the stamens. 

Distribution. — A small Order, the meuibtu'S of which inhabit South 
America, Africa, the li^ast hulies, and the Malay archipelago. Cneorum 
occurs in the Meditorraneaii district. 

Qualities and Uses. — The most striking property is gi’eat bittemess, 
whence tlmy are ustnl as tojiics. Quassia or Ritlerwood, used as a tonic, 
as a fly-poison, and as a sub.stitutt‘. for Jiops in beer, is derived from this 
family. Quassia amara (Surinam) is stated to bo the true plant; but 
Piemsma or Pivrtena Avcelsa yields the wood usually imported. The 
bark of the root of tSiuiaruba amara is used in the saiiie manner. Brvaea 
antidysantvrica has similar qualities, and formerly mistakenly supposed 
to he the source of false Ang().stiira bark. Shnaha Oedron has a reputation 
for curing snake-biU^s ; hut recent experiments throw doubt on this. Ai- 
lanthm ylandidosa, the “ tree of heaven,” is commonly grown for ornament 
in this country ; its leaves afford iiiitrimeut to a species of silkworm. 

OcHNACKAS are Bcarcely separable from SimarubacesB ; but the ovary is 
composed of cai'pels seated on a large fleshy disk instead of upon a stipe, the 
elongated anthers often open by pores, and the simple loaves are vnthout 
stipules. The thick gynophore of this Order affords a close connexion 
between Rutacoce and' Geroniacem. The properties are similar to those 
of Simarubacem. 

CoiiiAiirK.s: is the name applied to a small group of plants belonging 
to one genus, Cmiariay of obscure afiiuities, placed m this neighbourhood 
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by Lindley^ but diiTering from most of the Kutales in their pendulous 
ovules with dorsid raphe. In some respects they approach Phytolaoctft 
and 7>*o/M9o^<a.-^TheBe plants have dangerous pro])erties. Of C. myrtifolia 
the leaves, which are sometimes used to adulterate Senna, arc said to pro- 
duce tetanus ; the borries are poisonous. The fruits of other species are 
said to be edible, but the seeas poisonous. C. viitrt{fdia and ntnaifolia 
are used in dyeing, infusion of the leaves giving a dark blue with sulphate 
of iron. 

• 

PITTOSPORACE-^E are trees or shrubd, often climbing plants, with 
alternate exstipulate leaves ; dowers regular ; calyx and corolla 4 -5-inerous, 
imbricated, deciduous ^ stamens 6, hypogynous,* alternate with tlie petals, 
opening longitudinally or by apical ^res ; ovary free, 2-celled and some- 
times with 2-3 imperfect cells ; style single, stigmas equal to the pla- 
centas; ovules horizontal or ascending, aniitropous; seeds numerous; 
embrj’o minute, in deshy pjMispc'rni. — lllusLmtive Genera: Pittosporum, 
Soland. ; Snlli/a, Idndl. ; Ihllardwriiy Smith. 

Affinities, Ao. — A small Older, placed by Dtd^andolle between Polyga- 
laoeui and Frankeniaceie, by A. l\ichard near lliitaceie, by Endlicher in 
the neighbourhood of Khamiiac(ta). I nudlev regards t Iumii as near Vitoceie. 
From Treiiiandracejc and Olacaceie they Aider in their imbricate sepals 
and petals and their numerous ovules. In other points they resemble 
C'elastrineie, but they have no disk and no aril. Dccaisne points out an 
adiiiity with soine Ericads, as Ledum, The plants are chiedy from Aus- 
tralia ; the berries of liillardiera are eaten, having a pleasant acid davoiir ; 
but a resinous quality pervades the w'hole Order. Some of the species 
are cultivated on account of their ilowers and coloured berries, as 
BUlardUtra^ «&c. 


VITACE-^. Vines. 


8enes Discidoras ; Goh, Oelastrales, Benih, et Hook, 


Diagnom . — Shrubs with a watery juice, usually climbing by tendrils, 
placed opposite the leaves, with small regular dowers, a> minute truncated 
calyx witn the limb mostly obsolete ; stkmeus os many as the valvato 
petals, and superposed to them, springing from a disk surrounding the 
ovary. Fruit succulent ; seeds bony ; perisperm hard. — Illustrative Genera : 
Vitisy L. ; IHerimnthesy Ilium. 


Affinities, &o. — The relations of this Order, sometimes called AmpelidesD, 
are somewhat complex ; a portion of tbe plants are related to Meliacea;, 
Oelostrinefl), and llhamnaceo) ; but the nearest connexion would appear 
to be to the epigynous Order Araliaceos, especially through the Ivy, 



) superposition of the stamens to the petals 
dvo antisepalous stamens, which are sometimes represented by dvfi glands 
of the disk. The tendi’ils by which the stems climb are dower-branches, 
often exhibiting a few nodules representing aboitive dowers. They ore 
extraaxillary, ond are considered by some to be terminal buds deflexed, 
by others as formed by a partition of the growing point, one division 

b2 
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forming the tendril, the other the shoot. In AmpehpsiB Dutailly thinks 
the tendril is an axillary bud which remains attached to the stem, elon- 
gates with it, and ultimately separates from it some distance above the 
axil in which it originates, in some cultivated Vines the seeds are con- 
stantly suppressed, while the fruit is perfected, as in the varieties yielding 
the Sultana raisins and the Zaute grape or Currant.” Ptefisanthes, a 
Javan plant, has a veiy extraordinary structure : its numerous barren and 
fertile (lowers are dcjveloped ou a veiy large foliacoous peduncle having 
the form of a number of myergent plates st't odgowtso at the end of a long 
slender stalk ; the fertile novel's and berries are sessile on both surfaces 
of the laminae, the edges being fringed with stalked barren ilowers. The 
separation of the petals at their bases, remaining coherent above so as to 
form little 6- raved stars, is worthy of notice in this Order. The species 
of Imowu as ‘‘Virginia Creepers,” exhibit some interesting 

phenomena, viz. the assumption of a crimson colour by the foliage in 
autumn, and the adaptation of their tendrils to form organs of attachment 
to walls : the points of tlie tendrils ai-o negatively heliotrophic, and in- 
sinuate themselves into little holes and cmcks, especially in brickwork, 
and then expand inside th(i cavities mo as to fix themselves as the stone 
masons fix their “ lewis,’’ or key, into large blocks of stone. 

ZMstiibatlom — The genus Vitis^ including Amptlopm and Cmws, con- 
tains a large Jiumber of species, natives for the most part of tropical and 
subtropical regions. The remaining genera have only a very few r(‘pre- 
seutatives. The V’^ino ( Vitis tnmfem) is supposed to" be a native of the 
shores of the Ciuspian ; but it has run wild in South Europe, and is culti- 
vated idl over the world where the temperature is not too low or too 
high : in the last cose it runs away to leaf and does not produce fruit. 
The stems and roots of some of the Vmi in the Eoat Indies are iiifestinl 
by the parasitical Jtaftlesiocem and Balnnophoraceio. In a fossil state 
they liavo been found in Miocene ns well os iii more recent deposits. 

Qualities and Uses. — The properties of the Vine ( Vitis mi/cru), with 
its innumerable varieties, are universally known ; the Fox-grapes ( Vitis 
milpim and Lahrusca) of North America have similar properties when 
cultivated, but are. inmrior. The berries of the Cissi are acrid; some yield 
a colouring- matter. The sap o£ the stems and leaves generally of the Order 
is sour, containing tartaric acid. 


8crics 2. Calyciflobjb. 

Flowers usually with a calyx and corolla ; the petals distinct, 
springing from the calyx of from a perigyuous disk ; the stameus 
perigynouB orepigyuous. 

ExoepMons, ftc.— The character of this Subclass, founded on the insertion 
of the petals and stamens upon the calyx, is veiy artificial, and is liable to 
exheptioD in certain genera of Orders referable here. On the other hand, it 
is met with exceptionally in Thalamifloral Oiders ; and many cases occur 
where the conditions are difficult to ascertain. Moreover it causes the se- 
paration of very natural groups of Orders, such as the removal of Anacar- 
maceee, which has both hypogynous and p6rig}Yious genera, the Sub- 
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classf which includes the Rut&cese, in accordance with the structure of the 
majority. Benthain and Hooker, apparently with a view to remove some 
of these anomalies, have proposed a subclass or series which they call 
Discitlorcc, the most important character of which consists in the prosenoe 
of n large disk or expansion of the receptacle attached to the calyx or to 
the ovary, and from which the petals ana stamens sprinff ; it thus includes 
some Thalamitioral and some (^alyciiloral Orders (inmuding the Orders 
comprised in the cohorts Ooraniales, Olocoles, OelMtrnleer, and Sapindalcs). 
The separation of theTPerigynous from the^JBpipynous Orders is rendered 
irripracticable by the occurrence of the two dbnditions in one Order, as in 
Rosaceoe. United petals occur in some exceptional cases, as in Cucurbi- 
tacose. 


CELASTEACEiP. The Sptndle-tbee Obdeb. 

Series Bisciflorm ; Coh. Cclaatrales, lienth, et Hook, 

Dingmm , — Shrubs with simple, mostly alternate leaves, and with small 
deciduous stipules ; small regular flowera, the 4-5 sepals and petals im- 
bricated in rostivatioii \ stamens as many as the petals and alternate with 
them, inserted on a disk lilliug up the bottom of the calyx; seeds mostly 
arillato, perispormic. — Illustrative Genera ; Etumyrnm, Toumef. ; Celastrus, 
Ivunth; Foi’sk. ; .E/fforfm/row, Jacq. 

AAnltlM»te — Helated to Khamnacem, differing in the imbricated calyx 
and the stamens alternating with the petals. Aquifoliaoe®, a sympe- 
talous Order, is veiy nearly allied; but the Celastracem appear to have 
closer relations with some Thalamifloral Orders, such as Malpighiacefe 
through Ilippocrateacetc. The flesliy coat of the seed of Etumymwt is 
described by Pianchou as an ariUode or false arillus, arising from the 
margin of the micropylo. 

XNstrtlmtloii. — A large Order, the species of which are generally diffused, 
but more abundant outside the tropics. 

QuAlittas and Uflesi — More or less acrid, with oily seeds. Enonymus 
europtpusy the common Spindle-tree of our hedges, is u^' for gunpowder- 
charcoal. The inaef bark of E, tinyens is used in dveing ; the seeds of 
E, turopam ore said to be purgative and emetic, llie bark of CeloJdnts 
scandem has the same prop4;rties. Catha edtUis has stimulant properties, 
and the leaves are largely used by the Arabs under the name of Kat I'he 
drupaceous fruits of Elteodmdron Kubu are eaten at the Cape of Good 
Hope. ^ 

Stackhousiacras constitute a small Order of Australian plants inter- 
mediate between Celastracem and EuphorVaceie ; their corolla is sym- 
petalous. 

II1PPOCBATEACE.S, which have hypogynous petals and more or less 
epigynous stamens, are most nearly related to CelastracesB (with which, 
indeed, they are combined by Bentbam and Hooker), connecting them 
with Malpighiacese, Aceraceee, and through Staphylea with Sapindacem, 
&c. They are chiefly South-Americau trees or climbing shrubs, some 
with edible fruit 
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Citatllktia6icai is another small Order, usually placed in this neigh- 
bourhood, but with obscure aflinitiea. CliaiUetia toxicaria has a poisonous 
fruit, called KatVbane at Sierra Leone. 

EHAMNACEJE. The Buckthorn Obueb. 

Senes Bisciflorse ; Coh, Celastrales, Jienth, et Hook. 

• 

Hiapnosis, — Shrubs or small trees with simple, alternate, stipulate, or 
exsfipulate leaves ; small and rej^ular flowers (sometimes apetalous) ; the 
4-0 periprynous stamens as many as the valvate sepals, and alternate with 
thorn (superposed to the petals when these are present) ; disk fleshy ; ovary 
free or inferior; berry or pod with one seed in each cell, peiisperiuic, 
without an aril. — fllustrativo Cienera; Vent^po\ Palmms^ Tounief. ; 

7/oe««Vi, Tluinb. ; CoUvtia^ Gouania. 

Affinities, Ac. — The Uhamnacom are clearly distinp^ished from the Celas- 
tracefc bj' the position of the stamens l>ofore the petals, Xhe ealycifloral 
condition of their stamens, thn fleshy disk, and the? separate petals indicate 
great difference from the cornlli floral Order Aquifoliacero, also formerly 
associated with them. Brongniavt thinks their nearest relations are to 
the liy]iogynoiis By ttnoriaceoE and to Euphorbiacem. Some of the genera 
have free, "others adherent ovaries. 

Distribution.— A rather largo Order, the species of which are generally 
diffused. 

Qualities and Uses. — Some acrid and purgative, some with bitter tonic 
properties, others with edible fruits. WMmnm includes R. eathartiem^ 
the Buckthorn, from the berries of whitdi a purgative sjrrup is made, also 
fho colour termed Sap-green, llio dyeing material called French berries 
consists of the unripe berries of R, infectrfriuSj saxatiUs. and amppdalinm. 
Zizyphue has edible fruit, called Jujubes (Z. ntlparis, Z, JupAa^ &c.). 
The charcoal made from the wood of R. Frampitla is used for gunpowder- 
makiug under the name Dog- wood. Z, Lotm is 8upp<ifled by some to be 
the Lotus of the ancients, although others thiuk this was The 

peduncles of Ilovenia duteis enlarge into a succulent fruit, in China ; 
other geuera also fumisli edible berries. The leaves of CeanMm amen'i- 
cantis are consumed as New-Jersey Tea, and those of Sageretia theezam 
are used for Tea by the poorer Chinese. 

ANACABDIACE^ ob TEBEBIXTHACBJE. 

The Sumach Oadeb. 

Series Disciflorse ; €oh. Sapindales, Senlh. et Hook. 

Diagnosis. — Trees or shrubs with a resinous or milky acrid juice ; dot- 
lesa*altemate leaves, and sm^l, often polvgamous, regular flowers ; calyx 
small, usually with 5, sometimes ,*3-4 or V lobes, persistent; petals equal 
in number to the lobes of the calyx, or wanting ; stamens the some num- 
ber or double or more, inserted on on annular meshy disk, or coherent and 
perigynous. Ovary single, or rarely of 6 or C carpels, supeiior (rarely 
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inferior), 1 -celled ; style 1, or 8 or 4, sometimes none ; stigmas twice as 
many ; ovules solitair, on a long funiculus. Fruit indehiscent, commonly 
drupaceous; seed without perisperm. — Illustrative Genera: Tribe 1. Ana- 
CAKDiKii!:. Ovary 1 -celled. Khmy L. ; MeUuuirrhea, Wall. ; Schinm,h.\ 
Sctnecarpus, L. Tribe 2. Spondik.®. Ovary 2— 5-celled, iSpotidiasy L, 

Affinities, Ae. — ^Tho prominent differential characters of this order reside 
in the solitary ovule, with ventral raplie and inferior micropyle, or dorsal 
raphe if the micropyle^be superior. This Order is related to "the Xantho- 
xylacem in many respects, but differs in the structure of the ovary and 
seed. From the Hurseracem also it is divided by the same characters, 
although connects them ns regards the" fruit; while the same 

peciUiarities relate it on the other hand to certain Connaraccad, Rosaceie, 
and Lt'guminosm. 

Distribution. — A large Order, the species of which are chiefly tropical, 
diminishing rapidly beyond the tropics. 

QualitleB and nsea.<^Tho resinous juice of these plants is acrid, or 
violently iiTitatiug and poisonous; it often becomes bla(;k in drying. 
Some kinds, however, yield edible, and even valuable fruits. Anncavdiiun 
occidentalcf the Cashew-nut, is remarkable for the curious fleshy enlarge- 
ment of the peduncle supporting the nut; this peduncle is edible, os is 
also the seed when roasted ; but the pericai'p contains acrid volatile oil. 
A giim-resinoiis juice exudes from the wood, called Gomme d'Acajou, 
which is used when fresh as a vaimish. Semacarpus Anacnrdiiimy the 
Marking-nut, Melmmrrhna miUUimmny iStnfjmarin mmicijlmiy Rhm vemtx, 
&c. are among the plants furnishing varnishes used in the Fast Indies, 
China, and Japan for lacquered ware ; their juices are white at first, and 
become black after exposure to the nir. ^fastic is obtained from IHdacia 
atlantica and P, Lmtiacmy Scio turpentine from P, Terehiulhm ; the fruit 
of Pktacw vera is the Pistachio-nut. highly valued in liislern cookery. 
Mctngifera indicay with numerous varieties, yields the well-known tropical 
drupe called the Mango. The Sumachs, species of Rhm^ are acrid and 
poisonous, affecting some constitutions more than others, and sometimes 
producing violent erysipelas when applied to the skin, i2. Toxicodendron 
IS the PoisodNOak of North America; R, venenatOf the Poison- Elder or 
I^)i8on-SuinW&. Ji. tf/pkina, ylahra, and Coriavia have acid fruit and 
astringent bark, used in tanning ; R, Cotinm (which is sometimes grown 
in ouf shrubberies under the name of the Wig-plant, from the hair-like 
nature of the sterile flower-stalks) yields the dye-wood called Young 
Fustic; R, Metopiwny the Hog-gum of Jamaica, a powerful purgative and 
emetic. Spondias purpurea and S. Monjjltin yield succulent fruits eaten in 
Brazil and the W. Indies under the name of I log-plums ; 8, Cytherea or 
dulcis affords a delicious fruit in the Society Islands. 

Sabiace.« area snuill of £ast-Indi%n plants, removed by recent 

authors from Anacardiaceffi, where they wete formerly placed as ano- 
malous forms. They are remarkable for the superposition of the parts of 
fie flower. 

OoNNAitACEiE foim on Order of tropical trees and shrubs, usually 
placed near Anacordiacero, but destitute of resinous juice, and with ortho- 
ti'opous ovules ; the fruits are ^ocarpous and follicular. They are also 
allied to the Xanthoxylacese. The seeds sometimes have an aril ; those 
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of some species of OmphnUihium are edible. The Zebra-wood^ used in 
cabinet-making, is stated by Schombiirgk to be the produce of a Quiaua 
species of this genus, O. Lamheriiy of great size. 

BUliSERACE/E. The Balsam Order consists of trees or shrubs 
abounding in balsam or resin, with alternate or opposite compound leaves, 
somtAimes stipulate and dotted ; flowers perlect, or sometimes diclinous 
by abortion ; calyx persistent, with 2-5 divisions ; petals and stamens 
perigynous, outside a perigynous disk ; ovary 1-5-colled, superior, sessile 
in or upon the disk ; ovules in pairs ; micropyle superior ; raphe ventral ; 
fruit dry, 1-5-celled, often splitting into valves; seeds apenspermic ; 
cotyledons plicate, rarely flat. — Illustrative Genera : ; 

Bulsamodemh'ony Kunlh ; Cannnttm^ Jj. ; Amyrisy L.' 

Affinities, Ao. — The Burseruceai (or, as they are sometiu^es called, Amy- 
ridHcem), excepting the genus Amyris itself, h(ive a many-celled fruit, 
which forms a link between Anacardiacene and Auraiitiacem ; but the shell 
of the fruit is hard here, and opens by valves. Amyris has dotted leaves. 
The ovules in pairs separate them from Anacarcliacese. The want of 
scales to the stamens separates them from Simarubem. FromButals 
differ in their nperisponuie embryo. From Aiirantiads they difier in 
the fruit. 

Distribution. — The Order consists of about 150 species, distiibuted 
throughout the tropics of Asia, Africa, and America. 

Qualities and Uses. — Fragrant resinous juices are the chief character- 
istics of this Order. BoswclUn thuriferayfloribumday and gkihra yield the 
Plast-Indian Olihaiium or Frankincense ; 7?. papijrifern (Abyssinia) yields 
a similar ( llibaniim, and has a remarkable inner bark, capatile of separa- 
tion into sheets, which are used as paper. Bi^aamodendron Myrrlia yields 
Gum Myrrh ; Biilm of Mecca is produced by B. Opohafwmum' and B, 
yileddfnse. B. Mvhd yields Googal, or Bdellium ; B. jfmheBcem another 
balsam, almost soluble in water. Amyris hexandra and A, yield 

Elemi ; the w’ood of A. hnlsnmifera is known as Lignum Rhodium ; the 
balsam of A. to.vifera is poisonous. Idea Idcariba yields Brazilian Elemi, 
I, Carana American Balm of Gilead ; and other species affood similar pro- 
ducts. Bfaphrimn tofnmtosufn supplies one of the kinds of Tacamahnea, 
JE. eltniifemm Mexican P^emi ; ana Canarium co^nmiine fumitdies East- 
Indian or Manilla Pllemi. Bursera panicfilata (Mauritius) is called 
Bois de Oolophane, gi^ ing out freely when wounded an oily juice smelling 
like turpentine ; B. fpimmifera yields Ohibou resin, B, acuminata Resin 
of Carana ; Iledwigia hahnmifera^ Beaume a cochon, used as a substitute 
for Copaiba. The wood of Jjnea altisdma is used for canoes in British 
Guiana, under the name of Oedar-wood. 

LEGTJMINOSiE. The Pulse Obbeb. 

Series Calyciflorfo ; Coh. Rosales, Benth, et Hook. 

Diagnosis. — Herbs, shrubs, or trees, udth irregular, often papilio- 
naceous or regular flowers ; stamens 10 or rarely 5, or sometimes 
indefinite, diadelphous, monadelphous, or distinct ; pistil simple, 
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free, becoming a legume or lomentum ; seeds usually aperispormic ; 
leaves mostly alternate, stipulate, usually compound. 

> 

Character, 

Thalamus usua]ly flat or convex. Calya: more or less deeply 5-lid, 
the 0^1 lobe in front or next the bract ; lol^es (rften uiiecpial and 
variously combiaed. Corolla : petals 5, or 4-0 by suppression, 
springing from the bottom of the calyx, papilionaceous or re- 
gular : the odd petal, when present, posterior (tigs. :363, 300). 
Stamens definite or indefiiiite, springing from the calyx, rarely 
hypogynous, distinct or coherent in one or two bundles (9 + 1 , fig. 

367) , or rarely in three ; anthers opening by chinks or by pores. 

Ovary, usually solitary, simple, of one carpel (very rarely 2 or 6), 
1 -celled, 1-, 2-, or many-seeded; style and simple (fig. 

368) . Fruit : a legume, lonieniuin, or rarely a drupe ; seeds 
attached to the upper (ventral) suture, 1 or many, someiimes 
with an urillus ; embryo without, rarely with perisperm, straight, 
or with the radicle folded on the cotyledons. 


Fig. 802. Fig. 363. 



Fiff. sa2. Comjp^d leAvea. tnnninatinff in a abort tendril, and atfpulca of Bmu ( FMa). 
Fig. 863. Fapflionacooua oorolla of Pea. 

Fig. 864. The aaparated petala: a, vexUlnm; ; a.a.earina. 
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Fijr. m 



Fip;. nns. Tnflorrficonoo, calyx, corolla, &c., of Bean. 

Fit;. Ground-plan of a Papilionuceoua flower— the brocket repreienls the position of 
file brnef, the O that of the oxIh. ^ 

Tiff. :167. OindeljthoiH HfamenH of TjCf;uniin(>Hie. 

Fit;. :^68. mipitnte ovary, style, and sti^pna of Colufea. 

This largo^Ordor is divided into three Suborders, which are dis- 
tiuguished by the following charaoters : — 

1. Paptlionack^. Corolla papilionaceous, ii^brieated in the 
bud, with the upper, odd petal, called the standard or 
“ vexillum,’’ exterior, — 2. CvEsal^iniea?. Corolla iitibricated 
in estivation, the odd petal with its edges inside the lateral 
ones. — 3. Mimo8e;e. Corolla. ralvate m scstivation. 

The typical floral formula is |3 5, PSi A5 + 5, Gl, but much 
variation from it occurs. 

This vast Order is further subdivided into several tribes, the 
subdivisions being founded on the degree of cohesion of the sta- 
mens, the..nature of the pod andjcotyledons, the leaves, habit, &c. 


Illustbative Oeneba. 


ChOTOzema, Labill, 
LupiniiwS, X. 
liOtiH, X. 
Trifolium, X. 


T. PAPII.TONACEiB. 

Astralagus, X. 
Pisum, X. 

Arachis, X. 
Oniithopus, X. 


Phaseohis, X. 
Palbergia, X. 
Sophora, X. 
Swartzia, WUfd.. 
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Cfcsfdpinia, L, 
Cafi8i{^ X. 


2. C^SALPINIEA. 

Tamarindus, X. Ceratonia, X. 

Copaifera, X. Sclerolobium. 


3. Mimosejg. 

Parkia, X. Mimosa, X. Infra* 

Adenaothwa, X. Acacia, Willd^ Proeopis, X. 

AfBnltlaij Aft — Oidor presents very considerable variety 
of stractnte within its wine limits ] and but one character is absolutely 

constant, the position of the sepals * ^ * The irrepfularity of the corolla 

disapp^rs altofrether in the Mimose^, and the leprume is exchanfred for a 
drupe in Det^rium <ind JJfptcn/T: this causes a near approach to tlio 
Rosocere ; but it may be noticed that when tlio flower is refrular the fruit 
is le^minous, and vice versd ; and the nrit(‘rior position of the odd sepal 
of the calyx is an unexceptional character of this Ordei*. The Caesalpinira 
have the papilionacvvius exclianjred for a sprejidin'jf irrej;ulnr form, or the 
petals are oppressed. In y/unoserp the stamens are hypofrvnous. The 
last flset brinfrs the Order 'closely into relation with the Anacoi’diacoje, 
from which it is not easy to distihfir^ish some of the apotnlouH Cmafjnmeo! 
at first sight, 

The single carpel in the ovary of this Order is almost a universal chnr 
racter j two carpels, however, appear to bo normally^ present in Diphaca 

Fig. 809. * Fig. 370. 



Kg. 3(W. Xegnme of Piwm. Kg. 870. Xiomentnhk of ^Aeaeia. 

Kg. .^71. Legumes of Mediaago* Fig. 872/ Legume of A»tragal-us : a, entire ; b, cut across, 

to show the false |>artition. 


and ^ wg/jPtmVi dig^na ; a double ovary sometimes occurs as a monstrosity 
WWtaria sinensis^ in Gieditechia^ and in the French bean (Phaseolm) ; 
ahd a Mvmea with 6 carpels (thus a symmetrical flower^ is said to have 
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boon seen by St.-Hilniro. The simple legume presents a great variety of 
conditions, both of form, consistence, and dehiscence. Its normal form is 
sue.h as we see in the garden I'ea (fig. 300) : in Cohtt^a (the Bladder-Sehna) 
it is inflated and mombranons ; in AtAragalm the dorsal suture turns in 
and forms a false septum (fig. 372) ; in *Pha(ta it is spongy or fleshy ; in 
many cases it is woody ; it may be straight or enr^'ed, or even spirally 
curled {Medico fjo, fi^. 371) ; in the lomentaceous form it is constricted at 
intervals, often broakirjg into l-seedcd joints (fig. 370) ; in Cathaiiiocar}mn 
it is cylindrical ; in Dvtarivm and Dipteryx the l-sended ovary develops 
a bony endocarp and fleshy epicarp, and becomes a drupe, like 373 , 
the Almond. The dehiscence is equally varied : normally 
both sutures oj>en iuid the valves separate J in lleemntoxyhm 
the valves adhere at the sutures and split in the middle. In 
Carmivhnclin the valves separate from the suture ; in Omi- 
thopuftf &c. the lomeutum breaks up, and the pieces either 
open or remain indehiscont ; in Pntada the lomentaceous pod 
is opened by the valves separating in pieces. In CathaHo* 
carjJUHj ArachiSf Tamanndu,% and other cases no dehiscence 
wcurs at all ; and in Cnthartocarpm and Tamarindm a pulp 
is formed inside tlie legume. 

The irritability of the leaves of many Leguminous plants 
is a striking characteristic : it is most remarkable in the 
Jlcdymreeti^ as in Smithia, &fc., and in MimtmeB ; 

hut it exists in a lower degree very commonly, even in the 
Locust-tree {Itohinia Pseudih^efieitt), The Acacias are no- PhyUode.mtb 
ticeablo for the pliyllodial petioles, which often wholly re- flowerB?*of 
place the leaves (fig. 373). Acama. 

Distribution. — The Ordt.*r comprises nearly 70(X) species. The PapiHo- 
nocvcp. are universally distributed, but are most abundant in wann climates ; 
some genera are widely dill used, others almost confined to particular parts 
of the globe, as Australia, North or South America, Cape of Good Hope, 
&c. Tlie Cfpsnlpi niece and JMimosecp are chiefly topical ; but the latter 
abound beyond this limit in Australia, Traces of Leguminous plants have 
been observed in the Low’cr Eocene and ino^e recent formations. 

Qualities and Uses. — ^This Order contains a vast number of plants ; and 
among them there is an exceeding divt*rsity of properties. Those with 
mild juices are frequently exceedingly nutritious; when the juices are 
more oonceiitrated, they |»ecome either purgative or R 8 tringent,jpiid some 
of them poisouous ; the poisonous properties occur in all parts, b^ chiefly 
in the seeds and bark. In other respects they furnish most valaable 
timber, fibresppums, dves, &c. In* enumerating some of the most im- 
portant plants, it will be best to talce them under the beads of the Sub- 
orders. 

1. Papilionacece, — A large proportion of the common fodder-plant 8 ,Bach 
as Clover ( Tri;folium), Lucern and Medic {Medkago), MeluotM, Sain- 
foin {Onobrychis)^ &c., belong td this Suborder; and various other similar 
planto are in use in foreign coimtries, such as species of A^tragahts, Cro- 
talaria jmwea^ Dtiamodium diffumm, Indigofera en neaphyUa, &c. The seeds 
of many species are eaten, constituting the various Kinds of pulse ; such 
as Broad Beans (Fdba), Haricots and Scarlet-Runner Beans (Pha8eolu8)f 
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Peas {Pisumy D6ltck^\ Lentils, {Ervum^ Vtcia), Chick-peas (deer). 
Pigeon-peas (Cajanus), Lupines, &c. The roots of some of these are 
said to m poisondus, as those of Phaneolua ; but, as is well known, the 
pericarps or pods are eaten boiled in the young state. Saccharine matter 
exists in the roots of Liquorice ( GfyqtrrhtM ylahra^ with G. eckinafa and 
glandutifera) ; a kind of Manna is obtained from the Camel- thorn (Alhuffi 
Maurorum ) ; Astnigalm glycyphyllm has a sw^eet juice. The tuberous 
roots of Dolichos tmerosus and hulbosusy Apios, Pueraria, and Laihyrua 
tuberoaus are eaten iif the same way as potatoes. 

Among the purgative sf^cies are Bladdor-Senna ( Colutea arborpscena), 
the leaflets of which are often used to adulterate true S(>nna, and CoronHUi 
j^me^'tisand C. varia: the last is reputed to be poisonous; various species 
of Genista^ (Broom), Pohima, Ac. are diuretic and cathartic. 

The well-kuown astringent substance Kino is obtained in Africa from 
Pterocarpus erinacew^ in the blast Indies from P. Mttraupium^ Gum Dragon 
from P, Draco, and Ked Simdal-wood frpm P. auntaUnm, A somewhat 
simxkur substance to Kino is obtained in the East Indies from the Dakh 
trees ifiviea frondoaa and supprba). Erythrina monoaperma yields Gum 
Lac. A few plants of this ^6 uborder yield gum, sucli as Trugotuinth, fr^m 
Astragalus verus, cretiem, crUtatm, gtwimifer, and strohiiiftn'tia. 

Dyes are obtained from many, as Indigo from Indiyofera tinctoria, 
eariteaf uxgenica, and probably otiiers, and from Tephnma ApoUinea mid 
other i^oies ; Bapiisia tinctona gives an inferior kind. The flowers of the 
Eutece^vo a brilliant orange-yellow (kdour; JSophora J(tpo?iica fumiahea 
yellow from the pulp of its pods; Dyer’s broom {GetUHta tinetvria) gives 
a good yellow colour, and furnis a green with Isatis, Gil is furnished by 
the ^eeds of the Ground-nut {Aracim hypogtpu) and others. 

Ornamental and useful timber is aflbrded by some, as I'Jose-wood ( Palis- 
aandre of the French) from various Bra/Jliaii species of Triytolomea, Itaka- 
wood of Guiana {Macherrium tkho?nburglci), Laburnum-wood {Cytisus 
ItabuTfiuni), Locust (Jlobinia Pspwb^cacia) ; Dalheryia Siasoo and other 
gpecies, and Pterocatpua, da/her yioides, are highly valued in the East IndieM. 
Others furnish fibrous substances, guch os Crotalariajuncea, yielding 1 leugal 
Hemp. • J 

Dipieryx odorM (Tonka-beaa) and D, oleifera (Fiboe-nut) are used in 
perfumery. The hnirsfrom the pods of Covfhage (il^t/cf/ner prurima) were 
formerly used as an nntJfrlmintic. The seeds of Aafragalm hceticus aro 
used as a substitute for and adulteration of coflee in Germany. 

The distinctly poisoTK.us plants of this Suborder are numerous. The 
roots of riie Scarlet-runner bean (Phaseolua intdtijlnrm') and other speci( 3 s 
are narcotic poisons; also the seeds of Laburnum {Cytisua Lahunmm, 
alpinua, Ac.), those of Laihyrua Aphaca, and, it is anid (Mit denied by 
o^eta), those of Ahrua precatorim (the scarlet seeds with a blac k patcii, 
often used as beads), Anttgyria Jystida, Ervum Ervilia, Ac. Indigo is a 
violent poison ; the shoots of v^ous kinds of Tephrtma, especially T. tori- 
fif'O, are used to poisdh fish, afiia the bark of Piaeidia Erythrina, a powerful 
narcotic. Species of Geoff roya^ aB 6^. vermifuga and apinuloaa, ana Andira 
inermia and retuaa, having drsme putgativid’ and emetic barks, are acrid- 
narcotic poisons in large doses. Gompholbbmm, an Australian genus, is said 
to poison sheep. Phyaoatigma venenoaum furnishes the poisonous Calabar 
bean used as an ordeal by the naUves, and in medieme for its use in 
contracting the pupil of the eye. It acts as a powerful nervous sedative. 
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2. This Suborder does not a])poar to have any decidedly 
poisonous properties ; but a purgative quality is very common^ ^ in Sennai 
Casitia' obomta^ Senna ^ acutijolia^ and lanceolata ; C, marilandica and other 
North- American species have similar properties. Caseia or CathaHocarpm 
Fistula has a purgative fruit ; and the pulp of the Tamarind ^ Tamarindus 
indica) shares this quality. Besides the Tamarind, other fruits, less acid, 
are (mten, ns the Tamarind Plum (Diaiium indimm) and the Tamarinds 
of SieiTa Leone, which are species of Codarium. Carobs or Algarobs, the 
legumes of CcratmiaSiliqua (also called 8t. JoUh’s, Or the Locust-tree), are 
used for feeding horses in Spain, and have hicently been imported for 
feedinfjp stock in this country. GledUschia trmcanthoi^ti\nx^ a similar fruit, 
called in North America the Honey-locust ; the fruit of the West-lndion 
Jjocust, Ihjmmfm Conrharil, is somewhat similar, but- is said to purge 
wlien fresh gathered ; a kind of beer is made from it by decoction and fer- 
mentation. — Many C<esalpinie<!e have bitter and astringent jiroperties, and 
are soinetiuuis used in medicine, scn'eral of them in tanning and dye- 
ing, as Divi divi, the pods of Cupsalpinia Curiariaf one of thti most powerful 
oflcnown astriugeuts ; the bark of some species of Hauhinia and Cassia 
are used iu similar ways. — The dye-woods are important, namely Log- 
wood (lla^nwioxi/lon catnpechianum), Brazil-wood or lNu‘nambuco-wood 
( Ccesalpinia vchiHuta^ brasUivusis, and other species). Cam-wood or Bar- 
wood {Baphia nitida)^ &c. The West-lndion Locust-tree (Ilymentea 
Courharil)^ the Purpki-hoart of Guiana ( Copaifera piA)iJiora and bracteata)^ 
Melanoxylon Braiwna^ Epvrua fahata^ &c. yield very hard, and durable 
timber. The size of some of the Ca)salpin(5ous trees of the South-Ame- 
rican forests is said to be enormous, as much as 84 feet in circumference 
at the base, where largo projecting buttresses occur, and 130 feet at the 
commencement of the clear run of the trunk. 

The bark of Baiihinia racetnosd and parviflora is used for cordage in tbe 
East Indies. ( i um is yielded bv several, as by Bauhmia retma and B, ernar- 
ginutn in the East Indies, and Pithecolohium gummifemm in Brazil. Animc 
resin is obtained from llymencea Conrharil ; Mexican Copal probably from 
an allied plant: Brazilian Copal from various species of this goiuis, and 
from Trarhylohium Martianum ; Madagascar Copal, and perhaps that of 
the East Indies in general, from IBpnencea verrucosa. Balsam of Copaiba 
is derived from various West-lndian and Brazilian spt'cies of Co^mifera ; 
Balsam of Peru from ^fyro.vylon Pervirce : Balsam of Tolu from M. tolui^ 
ferum. Aloe.rylum AyaUochum yields one kind of Eagle- or Alqea-wood, 
the other coming from an AquilaHa. 

3. Mimosete . — Mucilaginous juices concreting into gum. and attiiiigent 
properties of the hark are the uiost striking qualities of this 8ubMer. 
Gum Acacia and its varieties are yielded by several species of Acac ^^ — 
A, VercU and Adansonii (Gum Senegal) iu West Africa, A. ndotiod. Anid 
Seyal (Gum Arabic) in Nubia, A. arahica^ spinosUf aud ( Vachellia) Farm- 
Siam iu the East Indies, A. decurrens, mmis^fna^ and affinis in Australia. 
The bark of most species of Acacia is very astringent, and many kinds are 
used for tanning in India; the pods of A. nUotica are used for the same 
purpose : and the astiiugent substance called Catechu is obtained by 
extraction with* water from the heart-wood of Acacia Catechu! Vaxious 
species of Inya, 2*ro8ojns, &c. are astringent. Some East-lndian 
Acacias yield valuable timber; the legumes of A. concima and the large 
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seeds of Entada Pursktha contain a saponifying^ substance. Some kinds 
of Mhnoaa and Prosopis are said to have poisonous properties. Acacia 
varia/us, of Australia, has been called the Poison-tree. Jt is hardly neces- 
sary to add that a great number of plants from all these Suborders are 
cultivated for the sake of their beautiful dowers. 

Morixgackas forni a very anomalous group of 3 or 4 species only, 
marked by the following characters : — ^Trees with 2-3-pinnate loaves and 
thin deciduous stipi^es ; dowers in‘egular, 5 - 1001 * 0113 ; sepals and petals 
petaioid; stamens 8-10 on a disk in the tube of tlie calyx, the outer 
circle sometimes sterile ; anthers 1-celled ; ovary superior, stalked, 1-celled 
with 3 parietal many-ovuled placentas ; fruit "a long 3-valved pod with 
the seeds in the middle of the valves ; seeds without perisporm. The 
species are natives of Arabia and the Kast Indies, and have generally beim 
referred to the Adciiiity of the lieguminosie, principally qu account of their 
perigynous irregular flowers, pinnate leaves, and pod-like fruits. The 
structure of tlic ovary removes them widely from LeguuiinosaQ, on account 
of the parietal placentatiou, sim^e, judging from Itosaceie, the occurrence 
of additional carpels in Leguminosm would be accompanied by an apo- 
carpous condition, or at least by axilo phurcutas. Dipkam and Camalpinia 
digytka (Le^^uuiiuosui) are in fact described as hiiving 2 legumes; but the 
monstrous lortns of Gleditschia referred to by Do Oandolle are .said to have 
2 coaloscent carpels, lienee Inndiey placns thi.s Order in the neiglibour- 
hood of Violaceu}, and conceives that it approaches Polygalacotn. Others 
place it between Capparids and Kesedacese, to the former of which 
orders it is certainly closely allied. The root of Morimja pter^tjonperma 
is pungent and aromatic, resembling Horse -radisli. A gum like Traga- 
carith exudes from the bark. The seeds are the Hen-nuts ; and the oil of 
Bon was formerly higlily esteemed for perfumery, and for lubricating 
watch work, on account of its comparative froeduinfrom easily-solidilying 
fatty ingredients. 


E08ACE-E. The Kose Oudeu. 

Coh, Uosales, Emth. et Hook, 

Diar/nosis, — Herbs, shrubs, or trees usually with alternate, stipu- 
late leaves, regular bisexual or unisexual flowers ; numerous (rarely 
few) distinct stamens springing from the calyx ; carpels 1 or many, 
either quite distinct or coherent, and enclosed in the tube of the 
recepinide; seeds (auatropous) l,or few in each ovary, aperi- 
speraic ; embryo straight, with large and thick cotyledons ; leaves 
aitex^to, stipulate. 

Qharajctcr, 

Thahmm convex, elongated, or concave, forming a tube (calyx- 
tube, receptacular tube^. Calyx synsepalous, with 4-5 lobes, 
the odd lobe posterior, ». e, next * ^ axis, when 0 ; sometimes 
with an ^icalyx. Corolla : distinct, einbrgjng from the 

calyx, rarely absent. Stan^k^ de^te or indefimte, given off 
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with the petals. Ovaries apocarpous, 1-2, or 5 or numerous, 
1 -celled, sometimes combined together in the excavated receptacle 
(fig. *374) or tube of the calyx; ovules 1 or few; styles lateral 
(fig. 377) or terminal. Fruit : a drupe, an achene, or a dry or 
succulent etajrio (figs. 375, 376), or a cynarrhodon or a pome 
(fig. 378) ; setds 1 or more, aporispermic ; embryo straight. 


Fiff. 875. 



Fig. S74. Section of the flower of avowing- Uie flowecrtnbe enoloaing the > 

Fig. S75. Dry etnrio of Qe\m, with si^parate taij^ in |oction. 

Fig. 370. Section of suoculent etnrio'of KtUntt, ^ 

Fig. i^7. Oraiy of FVagaria with lateral style. 

Fig. FTB. Section of the pome of Menpihu, 

Fig. 370: C^yx of the Bose ; the numbers indicate Uie scqnenoe of the sepals firom without 
inwards, or from below upwards. 

Fig. 860. Transverse section of pome of Apple, showing the Ats carpels imbedded in the 
fleshy flower-tube. 
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Tliis Order is eommoiily broken up into several smaller Orders, 
w liich we shall eharaeterize hiu’e as Suborders. 

1. CiiiiYSouALA'NK^E. Trees or shrubs with free stipules; car- 
ped 1 , adht*reiit more or less to one side of the calyx-tube ; ovul(»s 
^ : styli^ basilar ; fruit drupa(*eous ; se(‘d erect, ; radicle inferior. — 
:i. DiirPACK.'E. Trees or shrubs with free stipules ; carpel l,free; 
style terminal ; fruit a drupe, not enclosed in the tulxi of the 
flower, which is (Ufhiduous ; s(ieds suspciuhul. — If. Trees 

or slirubs with free stipules; carpels 1-5, moni or leas united 
top;ether and with the sides of the tlower-tiibe ; styliis terminal ; 
fruit a pome, 1 5-c(dled or spuriously 10-ceIled, with a crustac(*ous 
rc/v or hoiiy (lij^. .*175) ; seeds ascend in, t^. — J. Uose.e. iShrubs 
or herl)s with adnate stipules ; carpels free from the flower-tube, I 
or many, 1-cclh'd, sometimes cohering; styles lateral; fruit usually 
foriiKHl of ail assemblage of dry aclienes, small dru[Kis, or dehiscent 
s everal- seeded follicles ; seed suspmultid, rarely ascending; radicle 
su|)erinr. — 5. Haxouisoiib.e. ilerhs or undershruhs, apetalous, 
often diclinous ; carpel 1, enclosed in t lie tlnwiT-tiibe ; style from 
the summit or base ; fruit an achmi(\ surrounded by tlie persistent 
tube of the flower; seed i, suspended or ascending. 

IlLF STI tATl VK ( 1 KNEIIA. 

I. CniiYsoR vuANE-ff:. Chri/^fobnfanva, L. — II. Amy(;i)\li:-T., or Diiu- 
PArE.H. PruHus^ L. --Jll. VoMKiK. liiiull. — IN . I. |{.o- 

sin.K. Flower- tube fleshy, enclosing the ac'hLMie> : Thmiy 'I'minief. 2. 

Flower-tube herbaceous; fruit an lUa-vio : JiithuSf L. ; 
Pnif/aria, L. ; PnUnfiiUay L. .‘5. Simim:iI).e. Flnwer-iiihe heThiiceous ; 
fruit a ring of follicles j seeds not winged: Spima^ 4. (^ini.i.Ai-K. 
Flower-tulm herhaceons; fruit capsular; seed winged: (^Killaia^ Mol. 
t5. \KLrjiAnK/E. Flower-tube adlicrinir to a ring of I'.) carpels ; .«eed pen- 
dulous : Xvunidaj L. — V. .SANurisoiuiiwE. AlvhnulUa^ Tuuruef. ; Po- 
frn'f/ni^ L, 

AfnnitloB, fte. — Typical formula |S5 P5 Aoo G l-oo . Olosely allied to 
Leguiniuoste ; and, indeed, the only constant point of differenee eonsisla in 
the position of the odd sepal — posterior in Uosiicejc, anterior in l^egunii- 
nosic. The CJiri/mhalanocemaylm regarded tis forming a link he1.wM*eri the 
Leguininosfe and tlie Drypacvfe^ touching tliat Oixler osp(*ci«lly in its 
drupaceous genera and tho.se with a laterally adherent calyx. The Driv- 
paccce have some affinity also to Anacurdiaceie ; Pomrr/i again c»)iinecta 
the Order with the epigvntuis families, especially Myrtacea3, thi’oiigh 
Pimica. Ponece reserahle in many respects, but tlnur iitliiiitieM go 

out in other directluis; Calycanthaceae should, perhaps, scarcely be sepa- 
rated from them. The Spireeida: very much resemble some SuxifrAgacom 
(distinguisliablo by their porispennic seeds) ; and the PotvnlilUchc I'emind 
us of the llanuncidacea:; in the fruit and the odiinte stipules, which some- 
times closely approa(‘h the dilated base of the petiole of liantmculwtj tS:c. ; 
but Ranunculocese have perisperm and usually hypog}'nous stamens, though 
the difference in some gene: a between hyp'>g}-uou8 and perig;\'nous po&i- 
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tion of the stamens is almost imperceptible. Sanr/uisorbea: are merely a 
de^rraded form of ItoseiPy where the petals and one or other set of essential 
oi'j^ans ore abortive in each flower. 

Distribution. — Tliert' are about a thousand species. The Ch'ysohnlanecB 
are chiefly found in tropical America and Africa, more rarely in Asia ; the 
Dnipaveo' are mostly iiatives of the lomperate parts of "the Northern 
Hemisphere, but are Avidely sjirendin cultivation; the Vmnvcn also belong 
to the Northern nemis])ht‘re; mo'itof llie Ihm'cp and Sanfftmorheoi belong 
to temperate and cold climates, but a few are tropical, 

Qualitios and Uses. — 'I’he succulent fruits of many of the plants form the 
most ^t^ikiIlg feature of this Order. Various parts of the structure, but 
especially the seeds, viehl much hydrocyanic acid in the yuboitlers Dru- 
pneecB and PtwwH'. I'lie bark and root of almost all are bitter and astrin- 
gent, owing to the presence of tannin. Dnipawta commoiilv contain a 
gum (resfiiibliug (rum Arabic) in the sap. This gum is the result of 
n pathological change in the tissues. 

Most of the ChnjsnhnhtnvteXvAMi stone-fruits; that of C. Icavo (West 
Indif's) is eaten under the name of Oncoa-plum. 

Among the Ihupaoiut' we have the fruits : — Almond {Amififdahtfi com- 
mmiia ) ; tJie Peach and Nectarine (A.pernicn); the Plum in all its varieties, 
such as Oreengages, Hulhices, Damsons, Ac. (Vrvnm c/omcstirny spitomi^ 
and varieties) ; the A])ncot ( VnmuH unnc/iiard ) ; the CUierry ( Cerasus 
(tritnUj Ac.). (Wasns TMuro-nrastfs is the common ‘‘ laiurtd or (^heriy- 
laurel of our .shnil)b(*ries, (\ /Hsitmiira the I’ortiigal Laurel. Many "of 
these plants contain a considerable quantity of (mn/f/(falim:^ causing the 
formation of prussic acid when they are bruised. Tliis gives to the seeds 
of the Hitter variety of Almond, and to all oilier seeds iu tliis Suborder, a 
poisonous property, which exists also to a great extent in the l(*aves and 
shoots of tlie (’heiTv-luurel, the flowers of the. Almond, Peach, Ac. The 
sceils also contain a fixed oil, which may he obtained by expression; and 
tliat of the 8 wee 1 variety oftlie Almond i.s devoid of a m t/f/dnfi/if\ am\ 
thus harmle.^s. The bark of Pnuiufi ,Hvrofin(i is used medicinally in inter- 
mittent fevers. 7 b Iiav e succulent fruits, siu'b as the Apple, Pear 
(J)/nfs and nmimtatis). Quince {Cj/fhata ruhjaris)^ Medlar 

pilm (fvnminirn)^ Ac., wliieh have been brought into tin* edible condition 
bv cultivation; when wild, they are mostly austere, like those of the 
Ilawtborn {CVatfCf/UM), of the Mountain Ash (Jh/rtta Aumtpana\ Ac. 
The seeds contain amygdaline, and therefore yield prussic acid ; as do also 
the flowers, bark, and root of the MoiintHin Ash. Quiiice-seeds are 
valuable for tlie mucilage tluw contain. 

The 7 ?os<w yield edibli* fruits, *811011 ns the Raspberry and PJackberry 
(Jliebus ifhcHS nud /rtfticasas) aud the Strawberry {PrarjaHa (dntior^vesca^ 
Ac.). The petals of Kos(*s yield the essential oil called Otto or Attar of 
Roses. Koiisso {JBroi/rra anthelmintica) is used as a vermifuge. Moat of 
the Jinsece have aatringeut bark and root's ; some are uuwhoh‘some. San- 
(fvim'betp have astringent properties similar to Jloactp. Quillaw contain 
in their bnrk a saponaceous principle, which renders tliem useful for 
cleaning silk fabrics. 

0 ALVCANTHACE.® fomi a Small Order, consisting of shrubs with opposite 
entire leaves, without stipules ; sepals and petals similar and indetinite ; 
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anthers ndnato and extrorso ; cotyh^dons convolute ; otherwise like llo- 
snc;e.'o. — The species are natives of North America and Japan, and me 
chiefly remarkable fur the peculiarity of Iheir llurnl tmvelopes, the 
coloured bracts of the peduncle passing: insensibly or uudistin^ruishably 
into the calyx, and this into the corolla ; tlie seirmeiits of both sprinjr 
from a ilc'shy tube aupportin^r the Htamons and surrounding the eai*- 
pels; convoluted cotyledons ore only found in one Uosateous plant, 
ChamcpmvtvH (ibmw), but are characteristic of Con ibretacte.-u. ('ulycanths 
stand between the Itosacem and the Myrt-aeea;, and have, perhaps, a 
distant resemblanee to Mh^noliucem, like that of Kosaeeie to Uaiuin- 
culaeejv. liailloii places them with Mouimiads. Their wood is curious, 
the stein lnivin«r four false woody axes around the real axis, ^iviiif? the 
stem a quiulrn uvular cliaracter. The chief property is fragrance of the 
blossom. eVi MS pnaluces yellow fragrant flowers upon the leaf- 
less branches during the winter. Valymnihus Jloritlus has an aromatic 
bark. 


MrjiTACILE. Thk Myutj.k Oedeb, 

Coh, My rial 03 , limih. vt JIuoh. 

Diagnosis . — Trees or shrubs with leaves opposite or alternate*, 
entire, usually dotted, atid with a submargiiial vein; flowers 
usually axillary, regular, polypetalous or ajiefalous ; calyx ad- 
herent, 4-5-clei‘t, vahate or imbricato, som#4iim‘.s falling off like a 
cap; petals 4-5, imbricated; stamens 8-LO or numerous, rarely 
4-5, distinct or polyadelphous : ovary 1-, 2-, 4-, 5-, or O-celled; 
style and stigma simple ; phic<3ntas axile ; siseds usually indefinite, 
ajiorispcrmic ; fruit dryer succulmit, dirhiscent or iiulebiscent. — 
illustralivo (lenera: Tribe I. JjEPTosi'Eiime.k. Emit capsular. 
MHakuca^ L. ; Eacalyptm^ Jlcrit. ; MetrosiiUroa^ K, Br. ; Jiierkia, 
Ji. Tribe 2. JVI viiTK.E, Emit baccate. FunicUj L. ; I^isidiumy L, ; 
JJyrtus, Touruef. ; Ewjmia^ Alichel. 

Amnlties, Ao. — This Order is nearly related to tlie Rosaceso on the one 
hand, and to the Melustonmcea), Lythracc.e, and Oimgraceic on the other. 
The Lecythidiwci-c, the Chamielaucimieu*, and some other smaller Orders 
mentioned below are often combined with the Myrtacea; ; but a.s the 
plants belonging to th(.*m are loss interesting, or less freiiiieiitly seen, it is 
convenient here to exclude them, in ordeato retain a very detinite cliiiractcr 
for the MyrtoceaEj proper. This Older is generally known among epigy- 
nous forms by the vein running round within the margin of the simple., 
entire, and mostly opposite leaves, uniting with the midrib at the end, 
together with the transparent glandular dots and the absence of stipules 
and of appendages to the anthers. The fruit of Vmiicaj or i'omegrauate, 
is very curious, and preaeiits unusual conditions — a double circle of car- 
pels, which by the mode of growth of tlio excavated receptacle come to 
be placed one above another, so as to present two tiers ol locnli in the 
fruit. The real nature of the structure may be conceived by comparing it 
with the Rose, and by supposing the acbenea of the latter to become 
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enlarged loculi contnininsr polp. Hcntlmm nnd ITookcr put tliia jrcnua 
into Lyl.lira(.*cjo ; but ita niiiiiities seem rather with Myrtles, of which it 
forms an aiiunialous freiiiis. 

Distribution. — A hir^^e Order, the mombcrs of which are distributed 
throujrliout tropical and subtropical climates. 

Qualities and Uses. — ricriendly arf)iiiatic from the presence of a volatile 
oil, flouio a-striiifrerit, and others yieldinjr ^iims or sncclniriiie juices. The 
MjfHvffi are reniarloible for their aromatic propertift.^ : thus CnnfophyUm 
aroniaticuH iurniahes the Cloves used for spice, (“onsistin^ of tin* (tried 
uiKjpeiKMl flow(;p-buds; Eitt/enia Ptmmfft nnd E. arrta* Allspice or I’inieiito, 
consisting of the dried fruits : thc^ buds and bi‘n-ies of the common Mvrtle 
were iixmI in a similar manner by tin* ancients. 'J’his tribt* iiNr) siffords 
excellent fruits ; tin; Oiiavas are yielded by species of /Vr/mm, chietiy 
poniifvrum and pyrifvrnm ; tlu* ltose-ap]»les l)\ Euyvnifi unilatrrtisis^ Jmn- 
hoN, at/urftj \'c. ; tin* I’oniejrrannte, Punira (ivanalftm^ the rind of whi(di 
is alsii valuable for its nstrin^»-eiit pr<iperties, wliich caiisi* it to be used 
both tnediciiiMlly and for tanninir. Anion^r the Lvptinipeniu‘<f, the (hijeput, 
{MetnlvHva Cajrpufh is w«‘U known for its M»‘rid volatile oil, obtained by 
distillation from the ]eav«‘s. J^ft'fro.'itdn'os jt* a <r('nus some of the spc'cies 
of which Atnu very strikinpr features in the vefjrelation of New Zealand, 
M. btu'ifohti and other sp(*ci(’s, calhal AKi, Itala. ovevfrrowinsr trees, 
like the Ewm httUca^ and llK*nis(dv(‘s ultimately be(*omin^^ exceed injrly 
Jiard-wooded treiss. Tin? Euralypfi of Australia are still mere remarkable 
in many respects: some of tlnsm atlaiu a liei^^ht of 200 feet or more, and 
a diameter of 10 to lo, risin^r to 1(X) or 150 ff‘(t clear of branches. Tin* 
bark of some of thorn se])arate in libroiis layers, wh(*nce they have d«*riv(‘d 
the common naiuje of Striniry-barks. Tluiv are also called (lmn-1vf'(*K, 
from c(»ntaiinnj»' a jriiniiny or sneebarim? sap, occasionally of astriiijrent 
character. E. s(*cret(»s a red pfuin in the iiit«*ri()r of tin* tiunk; 

from E. maiunfera a saeehnrine sub.stauc4* like ninniia is obtaint'd. E. 
(muhuH yields, when tapped, a sweet llnid, which is f»*rmen1ed into a 
kind (?f beer. 1C. rrsttti/rra fnrni.'«ln*.s an n.*strin*r(*rit substance knowm ns 
JV»iauy-Hay Kino. Other species also contain a sullicient quantity td* 
iHiinin to lu? of commercial importance. From tln‘ir rapid ^rrowlh they 
lia\e been introduced with good eflecl in innrsliv swamps nnd in dry hills 
denuded of tivos in tin? South of Kurope. The l(*aves of some species of 
Lrptmpvrminn and MvlnUntra are used for T(‘a in the Australian colonies. 

Many of the Myrtacem are cultivated on account of their beauty. Tim 
coiumou ]\Iyrtle, n nativ<? of Vemia, nnf iirnli/ed in Southern F.iivope, bears 
our winters, and flow(:rs out (»f doors in the S(»utli-\\est of Knglnnd. It 
aM'ords many beautiful varieties in cultivation. The species of Metroaideros, 
CalHstcmon^ vVre., sometimes call(*d Uottle-brush plants, luivt? very curious 
and showy blossoms. The Pomegi’anate flowt'rs and fruits in sheltered 
places, and bears a very brilliant blussoiii. 

Lkcythtpace.^ ape chiefly distinguished from the Myrtncem (with 
which they are united by Ilentham) l)y the dothiss foliage aud the bne^d- 
liko petaloid plate, consisting of concrete stamon.s, co\ering the middle 
of file flower. — The species are usually large frees ; their fruit is very re- 
markable, consisting of a large 'woody case, tlm top of which sometimes 
separates like a lid (Li^cythis), Avhence they have been called Mi^nkcy- 
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potB. Tliey are chiefly found in Giuana nnd Brazil. The Brazil-nuts of 
coiiiinorce are the seeds of liertJwUvtia excelsUf nnd are fi>nned insiile a 
larjro round woody seed-vessel. Cuurhupita yniuumsh, the (hinnon-bull 
tree, yields a fruit coutniuiu^ a pulp ajrreenble when fresh ; the shells, 
like tlie “pots” of Lvvyihis^ are used for domestic purposes. The 
IjtvylliiH OUiina and other species is separable intt) line papery 
la} era, usod for wrappinjr cijrnra. L. Oilaria is one of the giants of the 
Brazilian forests ; it^ seeds are called Sapucaya-nuts. 

BAi{niN(iTONiACKA3 nro a smnll Oixler of tropical trees and shrubs, 
placed by most authors among or near the jVlyrtncea? : their foliage agrees 
rather with that of Lt;cythidaceie, although without stipules; but their 
flowers are destitute of the liood. ^J'he structure of their seeds has been 
inisimderstoi »d : they ara de'^titute of ]i«‘ris)»ei m, and consist chiefly of a large, 
axis with luinuti! cot}h*doiis. TJiey appear to have dangerous qualities. 
Iliimboldt and Boiipland relate tliat wlien the fruit of Unstaria spvciosa 
is t*ateii by children their skin becomes yellow, but the discoloration dis- 
appears in a day or two uilhuiit any tn‘atinent. liarnhfftmiia and 
tavia are met with in cultivation as large and showy stove-shrubs. 

CirAM.i<:LAi'riACF.j5 are a group of Australian sliriiba, of heath-like 
aspect, distijignislied from ^lyrlucete proper chiefly by the fnnge of scab's 
or bristles which frequently surrounds the tube of the calyx (wdieiice the 
name of Friuge-mynles), and by the 1-celled (rarely 2-seeded) ovarv. 
They liavo no kiKiwn utility. — Illustrative Genera: Chamrdutmumy Desf.; 
J)a}'wiiii((y Itudge; Cafylru'^ Lubill.- -Some of the spiries are very orna- 
mental as greenhouse plants, as the Darwinian {Jledaroma) &c. 

BKLVistA(’KA«: consist of a few species of handsome shrubs, belonging 
to the genera Kapohuma, I'alis., and Anieranthon^ Desf., formerly sup])Osed 
to be relat(‘d to Cucurbitacete and Jhissilloraee.te, but apparently only 
foiius of Nyrtiicea' remarkable for the several conceiifric ganiopetalous 
circles of the corolla for corcuia), tin* polyadidphoiis stamens, and flat 
.stigma. Napuleoua intpcria/in forms a hu ge" fruit, w ith an edible pulp and 
a rind containing much tannin, 'rhe .structure of the flower is cui'ious 
and interesting. They are natives of tropical Africa and Brazil. 

BllIZOniO]l.\CK/K (Maxohovks) are trees or shrubs growing on 
muddy sea-shoras, with opposite loaves and detddiious convidulo iuter- 
petiolar stipules ; flowers wdth an adherent calyx, 4-li^-lobed, tJie hdies 
sometimes coherent, vnlvate ; petals equal to the calyx-lobes in hunilMT, 
springing from the calyx ; stamens ptfligynous, twice or thrice as many 
as the petaLs; ovary Si-, 3-, or 4-cellcd, each cell wdth 2 or inon* ptmdii- 
lous ovules ; fruit l-seeded, crowned by the calyx ; seeds anerisjiennhi, 
germinating and fonning a very long root bt^fore the fruit falls from thi? 
tree. (See lig. 0, p. lb.} — Illustrative Genera ; Rhiznrphura^ Lam, ; 2/ri*- 
yuiera^ liam. 

AAnfties, fie. — ^Thia small but interesting Order consists of about 2 ) 
species, of very distinct habit, but somewhat complicated in their aiKni- 
ties, agreeing with the Myrtacem, JVlelastoiiiacea;, Voclivsiacew, and Com- 
bretaceuB in many respects, w'bile there is a relation with liVthracea;, 
Cuiiouiaceos; &c. in others ; Endlicher, as well as Bentham and Hooker, 
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place hero Caasiponrea and LopnotU^ which connect this Order with the last 
two ; Lindloy r(;it'i*.s the ( 'anRiptMrett or LeijnoHd^'ee to the IjO^^anial Alliance. 
The striking feature of tliis ()rder is the Kt^rmiiiatiou of the seeds within 
th(i fruit while attached to the branch, the ro(»ls descendinjr to tlio mud 
and estahlislunfj: tluMiiselves before the plunnilo emerjres. The trees also 
continually send out arcliinji: adventitious roots, which strike and become 
new trunks, like those of the Fivun ?W/cri, ibrinin'r the Mangyoye-swamps 
of tropical esliiaru^s. The fruit (»f Rhizophora Mumjh is edible. The 
bark is jj^eiierally very astrin;rent in this family. The wood of the radicles 
contains curiously branclied wof)d- or liber-cclls. 

V’OOIIYSIAOE-K are trees or shrubs, with resinous juice and mostly 
opposite entire haives, with ^'■hnul." or stipules at tin* base ; llowers perfect, 
irrcjrular; calyx and corolla iiiibricate<l, of iineqiuil piece,s; stamens 1-5, 
usually opposite the petals, arisiujr from the la>ttoni of the calyx, mostly 
(»nly one fertile, with an ovate 4-cellcd anther; ovary free, or jjartly ad- 
herent, 3-celled, with axile placentas, or 1 -celled with 2 basilar ovules; 
seeds usually winded, witliout ]M*ri‘»pi‘rm. — Illustrative Oenera : Qmlca^ 
Aubl.; Vof'hpsitt^ Juss. ; Sairertin^ St.-llil. The niemhers of this small 
Order are nati\es of tlie equinoctial re;iions of America, and are known 
chieily as timher-treos, ofl.<'n havinjr larp* showy blossoms. Thcdr alliiiities 
are oljscure. Smie authors ri»<rard llumi as relnttsl to the ( ’lusiace.x*, 
others to tlus Violacex* and the Polvjrihicejc, rasir which latter they are 
placed by llenthuin and Hooker. On ata*oiint of tlieir calycilloroiw structure 
they arc iisnally placed near Oombretacem. 

OOMBKETACnC.E are In^es or shrubs, with alternate or opposite, ex- 
stipuhite leaves, not dotted; llowers perfect or diclinous by ab(»rtion ; 
calyx adherent, with a d-o-lobed deciduous limb; petals o, perijjTnous, 
or absent; stamens peri;»’ynou.s, 5, 10, <)r 15, mostly 10 ; ovary 1 -veiled, 
with 2-4 pemlulou'i ovules ; style and stij^ma simple; H(*eds aperisperniic ; 
cotyledons coinoliite. — Illustrative Oenera: Tribe 1. Tkiiminalikas. 
llMinlly apetaloiis; cotyledons convolute. Bundn„ li. ; Tvnnimdia^ h,\ 
Pvntapteru^ \\o\h. Tribe 2. (V)MmtKi r.i*;. (h)r«)lla ])ro.sent ; cotvledona 
plaited. Comhrrtiim, \a)\\\.; Ow/.N*y/////i.v, Unmpli. Tribe .*5. OYnorAUPKAi:. 
Apetaloiis; cotyledons convolute; aiilliers buryling by recurved valves. 
(rf/rocarpita^ .lacq, ; lUipera, 151. 

Afflnities. ftc. — 1 1 elated to M yrtaceir, especinlly throuerh Ptmicn^ but dis- 
tin^uish(‘d bv the iiiiilociihir ovary and 1-seeded fruit. The sinictnre of the 
Hower allies the Order to Onnjrracen* and lihizophornceoR ; the apetalous 
forms n]q)roxiniate in some dejjrrce to Santnlaceje and Lauracoro. 

Distribution. — .Vn (^rder coniprisinjy upwards of 200 species, generally 
distributed throughout tlie tropics. 

Qualities and Usee. — 'J'he general property is astringency. The barks 
of Rurida liuceriiSj of Conovarpm racvmom^ and of various Tennimlue are 
u<ed for tiiiming. The fruit of Tmuintdia hehrivay the Myrobalan, is 
u.strijigent. A gum is obtained from tli« hark of T. helerira and CoDihretvm 
afternifofiitm. T. Ifmzttut has milky juice, which hardens into fragrant 
gnm-ro>in, used as incense in Mauritius. The seeds of T, Catapjm are 
eaten like almonds. Many of tlie plants are valuable timber-trees ; and a 
number are cultivated on account of their flowers. 
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Alanoiace.^ am a small Order of exotic plants, timber-trees or shrubs, 
allied to Combmtaceus, but having pr‘ri.s])oniiic seeds with large leuty 
cotyledons, and there are differences in the corolla and stamens, idndley 
considers the plants related in some dejrroe to Myrtacem, MehisUmiaooro, 
and Onagrjict‘.‘u, but, with i'hidlicher, thinks tliat, after ('ombretacesB, their 
nearest relatives nr(i probably Uornaee.e and llainamtdidactuo; Jlentbani 
and Hooker L'Toup them with C'ornaeeie. The succulent fruits are edible, 
but the plants on the whole, are of little inipurtanco. — Genera: Alan- 
yiuniy L. j Marlea^ Iltfxb. j Ni/ssa, Uroiiuv., &c. 


MELASTOMACE.E. 

Coh. Myrtales, licnth, et Hook, 

JDiaffnom, — Mvrth'-like plants, with opposite ciirved-ribhod leaves, 
showy th»werM, deiinite stamens with reiuarkiible nppenda/red anthers, 
burslinpf by ptu’e.s at the ap(‘X. Seeils very nmnemus, niimite, aperi- 
speimie. — Illustrative Genera: Contrai/rnia, Don ; L. ; Ji/tc.iia, 

iSutt. ; Gaiidi<‘li. ; 1 >( h ; JAwiV/V/, Juss. 

Aillnitiofl, &c. — A larpre proportion of tbeH‘ plants are distinguishable at 
first sight by tht^ sevt*ral large curved ril)s ruiniing from the base to the 
apex t»f the leaves j but this character <ha‘s not hold in Mnneot/lon or in 
MoHt'ina. In Memceylew^ also, tlie usually tlat cotyhsloiis are convoluted, 
a> hi Gombretaceii* and exeeptioiia! 3Jyr(ncejc ; ^fouriria has the ribs of 
tlu! halves ineon.spiciKUis. The mo.^t striking character of the flower lies 
in the stamens with tluur oddly beaked anthers. Ihit the Order dillers 
from the Myrtaceae also iu the contorted sestix alien of the corolla, 
()u the other hand, 1110 )' are allied to the JAtf/erfslra^fnio/p iiniong the 
liylhraecm, from which, liowev<-r, the iiiihrieab* or twisted lestivation 
of the calyx and the characters above, iioltal suflieieiitly distinguish 
them, 'riie cliaracters hv which the genera an* distinguished are the 
capsular or baccate fruit, the po.sition of the placentas, and the peculiar 
form of tlie stamens. 

Distribution. — A large Order, tlie species tif which are generally diffii^tid 
within the ti-opics — a few also iu Aorth America, (.'hiiia, Au.stralia, and 
N. India. 

Qualitlea and Usos. — The inemliers of this Inrgt* f)rdcr seem to be 
harmless ; and the prevailing character is slight a'itringencv. Many yield 
(‘dible .succulent fruits; the name of Molastuma i.s derived from the fruit 
staining the niouih black. The rnosk striking peculiarities about the 
Order are the beauty of the flowers and the curitms ribbed appear- 
ance of the foliage. A large number of species are cultivated in tlvis 
country, some as oruaiiieiital-fuliage plants, others for the sake of tlieir 
flowers. 


ONAGtEACEJE. The EvENiNti-PiirMKosE Oudee. 

CWt. Myrtales, Benth, et Hook, 

I}in(/nosts. — IltTbs or shrubs, with 4-merous (sometimes 2-.'l-meroii») 
flowers; the tube of the calyx (of the receptacle^ adhering to the 
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2-4-('ollecl ovnr\', calyx-t(i(;lli valvule in the bud, or obsolete; the epi^rynous 
petals coiivtdule; sLaiueiis as inaiiv, or twift; us iminy, us tlie petals, and 
inserted with llieni ; o\ ary 2-4“Cjelled ; atyles united ; stijjriua capitate or 
4-lobt‘d ; fruit cii])sMlnr (»r Micciilent, with 2-4 cells ; seeds numerous, 
without peiihperni. — IllustrutivetTeuera : (Eitothvnt^ L. ; i*ursh.; 

J^inlohiumj \i.] I'liim. ; Toiirnef. ; Trttpa^Xj. 

Afllnltlofl, &e. — f)nj|firuds are allied t() 1 rnlora,ir<v"0, but diiler in their often 
cidoiired c.ilyx, absence of |M'ris]H*rni, and siinple ^l\le, iVoni Trapa in 
their er)n volute imbricate corolla, from Coinbrotiice.'ir* by their plurilocular 
ovary. The parts of the flower in this Order ari; soinetimea 2-U)erous, as 
in Cirvfca^ while in Lopvda only one stamen exists. Sometimes the petals 
are absent ; and occasionally < he fb) wers .'ire unisex mil. Trapa is a i>-enus of 
water-plants sometimes placed with llalorapiceie, from wliicli, however, 
its single sule and apevisperniic embrxo si*parate it. The lloatin^ lefl\es 
are flat, wed^o-s hoped, and entire, xvliile the submerjred ones are cut up 
into liUiiHU'ous \ery fine sejjrnieiits. The *>erininntiou of Tmpa resemble.s 
that of some eiidoyeuous ])lnnts. 

Distribution. — 4’Jie Order consists of a considerable number of specie.^, 
natives cJiiefly of I I'lnjieiate Europe, North Anieiica, and India. 

Qualities and Uses.— Harmless, sometimes slijrbtl}'^ astringent. The 
berries of some b^nclisias are edible. Tlu'y are best buown liy the nume- 
rous praiden }ilanls belone'in^*- to the ( h’der, most of which are \eiT showy. 
JCpHohium has many iiali\e spei ics, which are ino.-^tly xveeds. IC. (tnrptsfi- 
foliiniiy hoNvever, and E. hirsufvm are tall and hnndsoine plants. Some 
of the fire cnllMl Kveniii'f-Vriinroses, from the ycdlow flowers 

openinjr in the evenine’. Trojut pioduces a bir^e horned frnit with atny^jfda- 
loid seeds with uneijual cotyledons. 7’. juitnun is the Watm’-chestiint of 
the French. The seeds of T. hisphivsa, the Sliijliara-uiit (Kashmir ), and 
2\ hicvmU (Cliina) furnish inipurlunt articles of food. 


1TAL011AOA(M'1/10 are aquatic phint.s, with small axill.iry 2-4-merous 
flowers, ol ten imperfect ; caKx adherent, its teeth ob.-olete; petals often 
wnntiiifr ; stamens 18: frnit indehisceiit, l“4-relled, with a solitary 
suspended seed in each cell; ]iens]ie)ni fleshy. — Jllnstrative (leiiera: IHjh 
pun's, L. ; Mpnop/ti/Zhtm, \ aill.: TMormps^ Eorst. — They are disfinfrnished 
from OnaiiTuceje by the reduced cal\x and the solitaiy pendulous and 
pi’rispermic seeds ; tin* corolla is alxsent from Jlippuris aiid Prosprjunacn. 
The former pfoiiiis has a xerv simple flower, consistinj? merely of an ad- 
lioreiit cnlvx with a very short liucb, an ovary of one * nrpel, and a sinpfle 
stamen. The whorled foliajre of 7/?7>;wri.s and is curious, 

p:iviiijf the first the appearance of an EqnhHvm, while the latter are like 
some of tile branclieo Iresliwater Aljra?. Most of the Order are aquatic ; 
but Halorapis and Lomhuia are terrestrial and more or less shrubby. 
They arc universally difliised, but of little importance. 

LYTTlRACE^^l. The Loosebtutfe Order. 

T)\agnom, — Herbs, shrubs, or trees, wdth mostly opposite entire leaves ; 
no stipules j tlie calyx enclosing, but free from", the 1-4-celled, many- 
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sei'dod ovary and inenibranoua pod, and brarinj< tlio 4~7 dreidnoua coi'- 
rii {rated pe tala and 4-14 slaiueiia in iu tliroiit, calyx-L bes ^ahato, the 
Btaniens lower down ; style 1 ; stigma capitate, or raiely ;2-lobi‘d ; caiwule 
enclosed in the calyx, (lehisceut; seeds miniorous, a| eiispeimie. — lllii.-- 
trative (lenem: Peplis^ L.; -4 ni, Iloust. ; Lyihnim, J^. ; Cttphva, 
Jaeq. ; LuicMmicij Jj. ; Layvratr(vmiay L. 

Affinities, Ac. — In liabit, aa also in the striated calyx, tliese plants 
have some slight resymblaneji to liabiatm ; but their nearest relations aie 
With several Calycilloral Orders (from whicli, aa ( Inagracca) and Mela^lo- 
macete, they diiler moat strikingly in the* superior position of tlu* ovary) 
and with Saxifragacem. Ironi Khizophorea^ they ditli'r in their want of 
stipules and in their numerous ovules. From Myrtles, besides the abo\e 
charaeters, they may be distinguished by their valvate cah x. 

Distribution. — eon.-'iderable t )rder, the members of wbiith are geiHT«'dly 
diffused, the XvWm Latier,str<vmu'ff' tropical. Lijthritm Salicaria^ a comiiioii 
Jhitisb plant, is remarkable for ladiig found as the only re]n'esentali\e of 
the Order in Australia, its (lowers are, aeeording to iWwin, trillion bie, 
tho stanioiis and styles lieing ol three dilferenl h*n{:ths ; two of tliese forms 
coexist in the same llower, and have different .‘e.xual fiinelion>. 

Qualities ami Uses. — ^lany of the plants h!iv<‘ astiin{.>enl properties; 
several are valuable as dyes, Ltnvmina itn’roihs is the eehdjrated lleunah 
or Ilenne of the East, used by women to dM* their liiiger-nails, bauds, or 
feet of a brown-orange eolour ; it is also ii.s(‘d for dyeing MoMceo-leather. 
'riie flowers of (irislva tamnifom are alM) used for dyeing in India. Am- 
mmmia resicatoria is acrid, and lias blisti‘ring properties. Phyauvahnhma 
Jiorihunda^n Hra/dlian tree, has a b»*autifiil ro.se-ci)loured wood. Vuphva 
i^ntains many favourite cnlti\ated .species, llentham an<l Hooker ]»laeo 
(the l*oniegraini1e) in this Hrder; but it would seem to belong 
/more nearly to the ^iy riles. 


JS AA 1EK.\ OAC E^'E. ISaxi fr At; kh. 

Diar/nosis , — Herbs, shrubs, or tn?e.s, vvitli tlu* pistils tnostly 
fewer than the ptdals or diNisioiis of the calyx (usually 2, eoliereiit 
below, and se])anite or sejniratiiig aliove ; the jK-tals 
HOinetiuies u anting), xn it b tin* ( mostly 4 10) stii- Fig. fl81. 
mens springing from the caly.x, which is either five 
or more or less adherent to the 1— 1-celled ovary 
(tig. 3«1). 

Character. 

Thalamus concave, more or less adherent to tbt 3 
ovaries. Calyx o-parted, more rarely If-, 4-, or 
1 0-parted, inorti or less adherent to the ovary. 

Corolla ; petals imbricate, porigyiious, equal in 
numlh^r to the segmenls ot\the calyx, and al- 
ternate with them, randy absent. -SVrm/^n** in- 
serted with the petals, equal in number to them 
and alternate, twice as many, or indefinite. Ovary mostly of 
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2 carpels, mor(3 rarely of 3 or 4 or 5, more or less united into a 
2- or inorc-celled o\ary, usually half or wholly inferior; pla- 
centas axile ; as many as the cells of the ovary ; more or 
less (*oh(*rent. usually capsular, dehiscent: seeds mostly 

numerous, small, with fleshy perisperm. 

'J'his extensive group of plants is divisible into four Suborders, 
which are by some authors regarded as distiw't orders : — 

1. SAXintAOKAi. Jlerbs: stipules absent or adnatc; petals im- 
bricati^d, or rarely con volutes in the bud ; calyx free, or partly 
adheriMit, ovary J-3-celled. — 2. ICscALLOMEiU. Shrubs with al- 
ternate sim])l(^ glandular leavi^s and no stipules ; calyx imbricated 
in 1 he bud. — 3. PuiLAnEinniEvE or IlynuANnEA:. Shrubs with op- 
posite simple h'aves and no stipules ; calyx Milvate ; stamens epi- 
gynouN. — 4. C’ivomk.e. Tr(H‘S or shrubs with opposite or whorled, 
simple or cum pound leaves, and large interpotiolur stipules ; ])etal8 
never valval e. 


IlJ.USTUATlA’E (lENKTlA. 


Suborder 1. SAXiFiiAiiEvK. 

Siixifragii, 7j, 

Astilhe. 

Suborder 2. l^^scALLONiKiB. 
Kscalloniii, Mntis, 


Suhordcr 3. riiiLADELiniEJB. 
IMiiluflelpliiis, 

Jlcutziu, Thunh, 

JIydvang(*a, Z. 

Subord(*r 4. Cunonik^. 
Cimonia, L. 


Afflnltlesi The typicid floral formula is | S 5 V o A 54-5 6 2, The 
r('laiioii.s ot this Orth'r are somewhat coiuplica.l(‘d, in consequence of tho 
>ari(‘ty ot conditions existing among tho genera. The herbaceous 

are rt ‘luted to tin* Crass iilacem in several respects, hut ditler in habit 
and ill the ubsc.nco of hypogviKUis glands — and also to the Uosaceae, through 
Spir<f‘(t^ AsfiihCf&r. • Inun ihcso, Dvutzin leads to the shrubhy I’umiB, where 
Pfnladvlphus iiianitestly approaches the Myrtacejc, while the inflorosceuce 
ot llxplrtimjva is like that ot some C’upriloliacea!. The Ctinonie<B are 
scarcely distinguished, except by habit, from tho S(ixifra(/va> ; the Escal- 
passing oft IVum the VhUadvIphctCy are related to Ribesiacese, and 
inore distantly to tluay' Erieaccai with an inferifu* ovary. Rruniaceie differ 
ni their dieoccous fruit ; Saxitragarei® are closely allied to liVthracetc, but 
in tho latter the embryo is aperisperiiiic. Varnassia is referred here by 
I looker, hut seems more closely to resemble I J ypericaceai orSauvagesiHceaj. 
i he Australian Ritelier-plant {CcphaintnsfoUividari^^ the leaves of which 
ar<t tubular, with a lid closing the tube, belongs to a genus closely allied 
Saxitrnges, eapee-ially to tJio npotalous ones. From Rosacerc it diifera 
in the presence of perisperm in the seed. Rv Beiitham and Hooker the 
following tribes are included in this Order i—Saxifragcm, Francoe®, Hy- 
drailfi^eie, Kscnlloniea3, Cunoiiieoj, and Ribesie®. 

Dlstxibation. — A large group ; the Saxifrageax are northern and alpine 
plants ; the, Kscallontvcr are chiefly mountain plants of South America; 
the Philadvlphea belong to South Europe and the temperate regions of 
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As‘ia and America; the Ctmmiom occur in the East Indies, the Cape, 
Australia, iind South America. 

Qiialltios and Ugea. — N(i important properties are attributed to this 
Order; a certain de^rree of nstrinjrency pi'e vails in *SV/.r//V<i//tw and Cuno- 
nivffi. Their chief merit consists in the beautv of the many cultivated 
snticies of alpine herbs, and of the hardy and half-hnrdy tloweriiifj: shrubs. 
The S{i\ilra;?es, I>vutzin^ llruvhent, and ist7///w//V/, ll\iih'unijvit^ and others 
are familiar to every otie. IViilwMphiiHconmaruis^ the ‘*Syriii|;a” or Moek- 
Oran^^e of our shrubberies, a native of tbe south of i*!urope, is remarkable 
both for the beautiful llowers(the sweet perfume of which depends on the 
presence of an essential oil) and the peculiar iiavour of the foliage, re- 
sembling that of the cucumber. 

Francoack^ is an Order composed of Cliilian liorbs with the habit of 
Saxifrages, and fiowei*8 -t-iuerous througboiit calyx, corolla, stamoiis (in 
several ciivles), and carpels. Some authors considtjr them nearest to 
Snxifragiime, with which they are combined by Jientluini and Hooker; 
otliers to (h-assiibicem, olliers to liosacejc ; Liinlley beVu-ves their nearest 
aHinity is to 1 )roKcrac('m. — (icnera: Franctxif Cav. ; Tcf.illa, DO. 


Cl( A iSS U I i ACE . E. Tub STi )n k-croi* Or d i;u. 

Dirtf/noftia, — Succulent lundis or low shrubs with ]K‘rf(jc(.ly sym- 
inotrical flowers, the peials and |>istils iMji jail lug the sepals in 
iminber (.‘3 20), and fhe staineiis as many or t\A iee as many ; peri- 
B])erm fleshy or none. 

Character, 


Thalama^ mostly flat. Cahpv free, mostly o-])art(?(l, raj’oly 0- 
partecl, imbricated in the bud, persistent. Corolla: jtcials as 
many as the Jobes of t]uM*nlyx and alternate with thf*in, distinct 
or united below, emerging from tbe l)«>ttojri of the calyx, iml)ri- 
eatt'd ill a*stiAation. SiautcH.'; as many as the. p(*tals and altiirnate 
w ith them, or twice as many (in 2 circles), free or ailherent to tbe 
(coherent ) I jetals. Ooan'cs : carpels in a circle, as many as tbe 
])otals and o])posite to them, often with a glandular scale at the 
base outside^ distinct or more or less cohermit ; placentas at the 
venfral suture; sti/hs distinct; Hipmas on the inside. Fruit: 
a circle of dry f()ili<-les, or a capsule bursting at t lie dorsal sut ures 
or by tb(j .se|;ai*ation of tbe \>alls as Aalves from the septa; seeds 
varying in nuinber, very small ; 'embryo iii the axis of fleshy 
perisperiu. 

Illvstratia'e Gkxhiia. 


Suborder 1. Crashule*e. Fruits 
follicular. 

Tilltco, 3fjV7/. 

(^rassula, JInw. 

Eryophyllum, Salitb, 

("otvierfon, DC, 

Sedum, L. 


Seinpcrvivum, X. 

Suborder 2. DiAMonpirKiE. Car- 
peht coherent into a plurilocidar 
cajmde. 

Diumorpha, Nutt, 

Peuthoruiu, X. 
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Afflnltfm, Ike , — Tile floral formula is S 5 P5 A 5+5 G 5. Tliis ()rd“r 
is in'arly rtdalod to tlio Saxifrajraofjn, (•s])t*oially by the genera with 
c.i])Hulfir fruit ; and on the other hand to l*HroiiychiMc.ea) and Caryo- 
pliyUarofe. They are remarkable for their su(;culont foliage, possessed 
of a power of suhsi.sting almost entirely on atmospheric elemeuts, and 
resisting obstinately the influence of heat and drought. They are ex- 
ceedingly tenacious of life ; and linjophijlhim is ccdehiMted for the aptiliido 
of its leaves to produce adventitious buds whtui separatiid and placed in 
favourable circumstances. The symmetrical const'i uction of the flowers 
is likewise interesting to the botanist, and has been dwelt on in the 
JMoi-pbologiciil l*avt <if this work, 'riie Iloiiseleek, iSrinpornmm fectoruntj 
occasionally pnaiuces monstrous anthers, with ovules in place of pollen. 

Distribution. — fbmerally found in extratrojiical regions, in very dry 
situ:ith)Ms, and especially abundant at the (’ape of Good Hope. 

Qualities and Uso^. — Their properties are mostly unimportant. Scthwi 
frervf ihe eoiiimon yidlovv iJiting Stom.'-crop of our walls, is so called from 
its arridily, and is .«ai<l to be enieiie and ]mrg;tiv(‘. Some, are eaten; 
otlim’s used as refrigeiMuts. Cotylvdm Umhiliciia b.is been u.sed in epi- 
lepsy. 


1\VT1()XY(’I1IACK,K oil ILLW’KHlJAGbbE arc herbs or shrubs 
witli mostly <»|)p()sit(‘ leaves ami often seaibiiis stipiib's, inimite flowers, 
with 5- or more, rarely •!- or 4-merous calyx; petals small or alweut ; 
slamens on the ealyx, 1-10; ovary I-, rar<*ly .’’-celled; ovules numorons 
on a free ciuitral jdacenla, or .solitary on a long funiculus from the base of 
the ovary. Seeds pcri.s]»eriuic ; embryo curved. 


r b LU8TR.VTI VK G KXKR A. 


Suborder 1. Paii()Ny<'1TIK.’k. With 
srarivus utlpuleA ; stamens sujwrjmsed 
to the sepals. 

Parony cilia, Jass. 

J 1 1 ece hr u n I , (irn'in. f, 

Spergulu, Jj. 


I Siibord. 2. Sclkr.vntiika:. With- 

oat stipules ; v((lt/.r u'ifh nu indurated 
tube ; petals maw ; stamens suprr- 
jto.sed to the sepals. 

Scleraiitlius, L. 

Suborder.*!. .Mtii.i.roiNE.T;. Sta- 
mens alternate u'ith the sepals when 
vijuat ; if feivery alternate with the 
carpels. 

Mullngo, X. 


Affinities, &e. — This Order cnnsi.st9 of npwarils of a hundred species, and 
may be reganled as a degeiieialiou of Garyophyllacejc, from which they 
diller in the possession of stipules, the thin ])etals Sea. forming a transi- 
tion to the njietfilous Glnmopodiacea* and Amaianthacoje. They ai*e also 
Really rtdated to Portulacaci*|c, diflering from some of the genera of tliat 
Order only by the po.sitioii of the stamens opposite the sepals. Some of 
them are sneculeiit, like the (^rassiilace/e, but are distinguished by the 
strtteture of the ovary, lly Jlenthaip and Ilooker they are included m the 
(.’heiiopudal cohort of the Apetului. They are. mostly valueless weeds, 
abDunding iu biu-reu sandy tracts throughout the temperate regions of the 
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I’ORTrLAOACRyE are herbs with succulent leaves and vopuhir nii- 
syriimetrical flowers (sepals fewer than the petals) ; sepals 2, randv .’1 or o ; 
petals mostly 5 or 0 ; slnmens variable, ("apsiile l-o-uelled, with few or 
many seeds on lonjf ftiniciili from the base, or on a free central plucenta ; 
embryo curved; ronnd floury perisperiii. — Illustrative (leneni: Tetnujonia^ 
L. : Aizooii, L. ; J^orUilaca, Tcmrnef. ; Talinum^ Adaus. ; Claytonia, L. ; 
Montia^ Michel. 

Afflnities, &c.— This Order, as here rejrarded, has various relations, and 
is not Well d(jliiitid. if approaches very closely to (\irvophvllacese thron^rh 
Paronychiucea;, but may he distin<ruished by the :J-])arte(l calyx and the 
jmnibi*!* and position of the stamens. Like j’arouveliiacefe, the inemla*rs 
of llj is Order are nearly related to the proper apetaloiis Orders, (’heno- 
podiaotae Lindlev se}»arates the Tdraf/onivoif Aiznit/w^ and Sesuvwcc 
111 nn Order called Tetragon iacejv, diflerinp: from PorluJaem'efe in their 
apetalous flowers, mnltiloeiihir (►vary, and distinctly perifrynons stamens. 
Portuhicneeie would thus he defiiusi chiefly by a 2-sepaloiis calyx, hypo- 
prvnous or rarely perijrynous stuneiis, and l-celled ovary. Henthain and 
Hooker refer the Tetra^roiiiciv to McM*mbrvantliacea*, from wlii<*h they 
dill'er in their apetalous flowers. J*orftt/aen is exeeplioniil in its partially 
inferior ovary and peri^rynous stamens ; hence the Order, ns a whole, is 
considered by llenlnam and Hooker to belon*;- rather to the 'rhalainiflorm 
than to the (hilycillorie. TIhj plants of this Order are diffused, 

in waste, dry places. Portnhea ohrarva^ Purslane, is an ohl-fashione(l 
n<»t-lierb ; others are used in the same way. Tvtnujtmia v.(]tansa furriislies 
rsew-Zealand Spinach, Vlaytuniu tnht'roHn hfis an edible tnluT. Many 
have showy but e]>hetneral flowers. Lririftia rcfUrini (Ori‘^^oii) lias a 
star<*hy root, used n« food nnd(‘r the names of spalulum or spa*tluiii and 
rtichie amirv ; it is piinjrenl and aroniatic when raw. 

MKSEMJlRyANTHArihKoii FI(M}H)LJC are shnihby orsneeulent 
herbaeeous phant-., witli oppoviio simple leaves; sepals delinite : nelals 
vpiy niimeroiis; stamens indefinite, perijr^'iions; ovary inferior or almost 
superior, iiiniiy-ce]le<l (jr l-celled ; ovules numerous, attached by r(»rds 
to a free central p!ne(*nta or to nxile )>lareii1.Hs, or to pari(;t.il jdactmUis 
sprea«linir over tlje back of each c 11; seeds nnmnrons: embryo curved or 
spiral, on tlie <iul>ide of int*aly perisperm. — Illustrative (icnus : 
hrynnthnnum^ Ij, 

Affinities, &e. — These plants are very nearly relaU'dio Portulacneem and 
Paronvcliiacpje. From the former they differ in the parietal, not free 
central placenta, from the latter iu tlie position of the st/iniens, m.iny- 
cclled ()varv, and dehiscence of the capsule. The structure of the ovary 
is curious, presenting very different conditions in different niembfii's of 
the Order ; probably it is somewhat analo^roiis to that of Ciicurbitace.e, 
and the diverse positions of the placentas depend on the dejrree of involu- 
tion of the cai*pelH and the disruption of llui septa. The parietal placenta, 
together with tlie presence of numerous petals, serve to indicate a rela- 
tionship to ('acta(!eje, licutham and Hooker refer to this Order Pefra^ 
yaniea (see INirtulacacem) and Mollttyinerfi (see I*aronychiaciw), The 
plants are remarkable for their siicciflent foliage, accompanied sometimes 
by wat'^r- vesicles or pseudo-glands on the epidermis, whence the name of 
Ice-plant applied to Memnhryanthcmnm cryHtaUinum, The ripe capsules 
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ar<i very hyg^rometric, the valves openings when wot and closings when dry. 
It is a rather large Order, of which the majority belong to the sandy tracts 
of the Cape, but a few are found in South l^urope, America, China, and the 
South SejiH. The foliage of A/, vdulc (Hottentots’ fig) is eaten at the 
(.’npe ; M. nuarridmn acquires narcotic properties when fermentc»d. 
Several are burnt for the soda-oah in Egypt, Spain, &c. The seeds of 
some yield a kind of flour. 

PAPAYACK/E are trees or shrubs, sometimes with an acrid milky 
juice, alleriuitc, lobed, long-stalked leaves, and diclinous, .sometimes hemia- 
}>hrodite, dichlaiuydeoiis flowers. Male fi. : — calyx free, minute, with 
T) teeth; corolla sympetalous, with 5 lobes; stamen.s definite, epipetalous. 
Female fl. : — Petals o ; corona filamentous or fimbriate, 8(uuetii:ies none; 
ovary free, l-celh;d, with .‘l-o maiij’ -seeded pari<Ual placentas; fruit suc- 
ciileut or dehiscent; embryo in the axis of ih?sliy |)eri8perra. — lllusfrativo 
(f enora : Carim^ 1 j. ; Modfcniy 1 j. ; CerttUmnjoSy efts. — I’he present Order 
Ktumis luair to (.hicurbitacem and to Passiflornceje, diflcrin^, however, in 
importanf. res}ie,c.ts from both, — since the former have an inferior ovary 
and ajierispcrmic stasis; the latter, hermaphrodite flowcMvs and a chorac- 
teri.stic e(iioiicl arising from the tube of ilie flower, of a diftereiit nature 
to llui stamiuodes or sterile .stnmeiis of the pre.sent group, lieiitham and 
Hooker includ(‘ it under Pa.ssifhmua'je. — Tlie Papaw-tree, Cariva Papaya, 
has a siicculeiit fruit, «'dihle when cooked, hut tin*, juice of the unripe fruit 
and the 8e(!(lH appear to he tv acrid. i\ diyi/uta (Brazil) is regarded 
as a deadly poison, and its juieo blisters the skin. The species of 
Caricn an; natives of ISouth .America, the other genera arc East-indian or 
African. 

pANtnAcuc.i: are an Order of arboreseont plants closely related to 
Jhipavm*en*., differing ohiefl}' in being }»olyp«dalons, and by the femaht 
flowers Jiaving scales in the throat; tlie nuinlxT of parts in the floral 
circles also appears more variable. They constitute a 'fribe of Bixaceju 
in the ‘ Clenera Plantarnm ’ of Bentliaiu and Hooker. — They are poi.souou.s 
pluuts found in the Jiotter parts of India. Jlydatwarpm vvnvnata» is a 
nativtM»f Ceylon ; its fruit produces dangerous intoxication. The seeds 
of Panyium jire souictiines used, after boiling and extraction with water, 
as a spice, hut even then li live cathartic propertic.s. — (reuera: Pangiunif 
Ueinw. ; Crymnocatpra, Jt. Br. ; Jlydnovarpm, Omrtn. 

PASS rFL( )IlACEyE. Pabsion-Flowebs. 

Coh, PiLs.Millorales, Heath, et Hook, 

Diaynosift . — Climbing plants, rarely erect trees, with tendrils andfoliace- 
ous stipules; h'uvesand loaf-stalks often glandular; flowers perfect ; calyx 
/5-partcd, witli miiiierons filamentous proce.sse.s springing from the tube 
of the flower (rccentacle), iu.sidc tlio o petals; atanieiis 5, mouadelphous, 
adherent to the stalk of tlie l-cidled ovary, wliieh latter is fm? from the 
calyx, and has ;i or 4 parietal phu-eiitas aiul as many clavate styles ; fruit 
mostly succulent, stalKod; seeds numerous, aril late : embryo etraight, 
iu tlun fleshy peri.^ierm. — III iistrafive (Genera : iSmeathrnannia, Solaud. ; 
Pa^sijlonty Jiiss. ; Teirapathfea, DO. ; Hilliea, Mast. 

Aflfnlties, fto. — This Order is geuerally associated with the Cucurliita- 
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ceas, which it reBonibles in habit, and has a further nflinity in the struc- 
ture of the ovary, the most mtirked dillerence beiu«: tlie lieriunuhrodite 
tiower, superior position of ovary, and the presence of ^Hirisperiii in russiou- 
flowers. The coronet or W'reath of liliform ortrans between tlu^ petals mid 
the stamens, and the gynaudrophore bearing the stamens and o\ ary, mark 
this Order out very clearly, and ordinarily its flowers are perfeid ; but the 
genus Tctrapathcea appears to connect it by a further link with Oucur- 
bitacen), since the flowers are there ptdvganious or even diincious. It is 
closely allied to Sai^vdacem, in wliicli, howtJ\or, there is no corona. 
From Turiierada it differs in the gyiiaiulrophore, and marcescenl not 
deciduous petals. The relations to Capparidacom, Ilixaceao, and Violact*ju 
are also well marked, and indecMl its nflinity to the latU*r Ordt^r is much 
closer than to the Cucurbits, with 'which it is usually assi»ciated ; the 
llornl formula is the same. Tin* corona of Passion-dowers is au out- 
growth from the dower-tube at the base, of the pedals. 

Dlatrllmtlim. — Species numerous, mostly tropical or subtropical; thcj 
greater part are South- American and West-1 mlian ; a few occur in North 
America, Africa, the Fast Iiidicis, and AuMralia. 

Qualltlefl and Uses. — The pulpy fruits of many species of Pamjlora 
(Gniuadillns), se\eral TacAonue^ and of Paropsia edulis aro eaten; but 
astriiigcMit properties exist in tlie leaves, while the roots of Pamflura 
quadrtunjulans and the flowers of ]\ mhra are narcotics. Tlie bcauly of 
the dowers and foliage renders this Order a very favourite one in cultiva- 
tion. 

M VLESiiERmACK.'K Consist of a few niuniportnut herbs or low shrubs, 
natives of (Jhili and Peru, resembling Piib.^illoracc{u in the structure of the 
dowers; but the coruiud. is merely a imunbrunoiiH ring, tins sU les arise 
from the backs of the curpc'ls, anti tlie seeds are not arillate. included 
as a tribe of the preceding Order by Jleutham and Hooker. 

TuitNEiiACK.E. Herbs or half shrubby plants, nuli\cs of the West 
Indies and South Americn, witli o-mcrous dowers, ileeiiluous contorted 
petals with no corona, and a 1 -celled superior ovary with if pariidal 
]>lacentas ; seeds perisjiei’mic, with a strophiole or fulse aril. They appear 
lo form a link, through Mulesherbiace.-e, from the IVssifloraccfc &c. to 
parietal Thalamidoral Orders, such ns (’istaccui?. They have tonic and 
aromatic properties. — Genera: Tunieray Plum.; Piriquetn, \\ihl. 

Samydace^e form a tropical Order, chiefly of Aiiiericnii plants, of 
srimcwliat doubtful place: apparently they stand nearest to Jlixaccm and 
the Thalamiflone with parietal placenUis; however, they are apetalous, 
and the stamens are perigynoiis, which relate them to a diftHi'ent set of 
Orders. One of their most striking peculiarities is the presence of botli 
round and linear pellucid glands in the leaves. The bark and leaves of 
the plants arc astringent, and those of species of Caseana aro used in 
ilrazil as febrifuge medicines. 

CUCUBBITACEJE. Tjie Cucumber Ouueb. 

Coh. Passidoroles, Pvnt/i, et Hook. 

Diagnosis , — Herbaceous plants, mostly succulent, prostrate or 
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climbiniD;, with tendrils; leaves alternate; flowers dioBvions or 
moTKecious ; the flower-tube adherent to the 1-It-celled ovary ; 
corolla usually pamopetalous ; and the 3-5 stamens commonly 
more or less unit(*d by their often sinuous anthers as well as by 
their filaments, h'ruit a pepo, or, moni rarely, a succulent berry. 
Placentas confluent in the axis; perisperm none. 

Cliaracier. 

Thalaimis flat or concave, adherent to the ovary. Cnhj.r adherent 
in the female flowers, 5-toothed, soinel lines without a limb. 
Corolla of distinct a ah ate petals, or 4-5-parted, sometimes 
frinjjjed ; s|)rin«;in<:]; from the calyx, and with the lobes alternating 
•villi those of the calyx. cf . t^ta7H('ns 5, springing from the 
corolla and alternate with its st^gmiMits, more rarely 3 or 2, some- 
times free, monadelphoiis, or more fnspiently triadelphons, with 
2 jiiiirs and 1 odd oik' ; rt////fr/*.s* 2-r'‘l](‘d, usually long and sinuous, 
or bent upon themsehes laterally (tig. 3iS3). sometimes straight. 


Fig. 382. 



Fig. .SS2. FoirmU* flowiT of CumrMtn. 

Fig. St4inun(il c'liJuiiiti of nmlo (lowor of Gonrd. 
Fig. :iS4. Bortioii of the fruit of thf Ciiciiinbur. 


free, or combi lied. $. Oiwv/ inferior (tig. 382), 3-celIed; usually 
with 3 plaeenta.s ])hiced parietally, but on the involute margins 
of the earpels so as to meet in the c«‘nlr(^ (tig. 384), sometimes 
with 2 placentas and 2 erect ovules, or 1 -celled with a solitary 
pendulous ovule ; ntj/lr short ; slifjniait thickened, papillose, lobed 
or fringed. Fruit more or less sueenlont ; a pepo with a Arm 
rind, or a juicy berry Avith a thin skin ; smh mostly flattened, 
AA^th a succulent or membranous coat over the leathery or homy 
testa, AAdiich presents a marginal ring or keel ; emhrt/o flat, with- 
out perisperm. 
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IlXUSTIlATirE Oeneea. 

Series 2. OuTHOSj^MBjB. OvtdBB 
erect or aaemdinff, 

Trinuosporma. 

Elateiium. 

Series Cukmospermeje. Ovides 
pendulous, 

Sicyofl, Z. 

Sechium, P, 

AiftiiltSes, fto. — The Cucurbitacea), divided as above into H series, are 
still further divideci bv lltj^oker into 8 tribt'S aeeurdin^ to the number of 
the stamens^ tlie form ol tbs acitbers, the nature of the placentas, and the 
number of the ovules, iSPc. They form a very well-defined Order, but 
have affinities of a \ory diversified range. The habit and the phiceuta- 
tiou ally them closely with I’lissifiorueem, fir6m which they diiler, how- 
ever, in the position of the ovar^*, the luiist'xual flowers, tli^ peculiar 
structure of the anthers, and tlie want of ne.rispcirm. Their nearest rela- 
tions among the epigynoiis Orders, after Jlegoniaeen', appear to be the 
Loasaeea^ through (h'onooin^ which agrees in its climbing habit, and 
oomeH near the ‘SVn/tw. In tlni structure of the fivary and seeds and tlio 
position of the stamens there is a certain approach to th^ polypetalous 
Oriagrnctiie, Myrtacero, &e., and, further, to tlie mono^mtaJous Oaiupanu- 
Ittcem. Ayain, the ilicliiious coiiditiou and the striicluro of the ovary 
connect them with iNipayaceffi. This Order presents a mini her of points 
of interest as regards atruelure. The tendrils ajppear here to be partially 
metamorphosed leaves, while thiair base is coiislituiod of an alairtive 
branch; out they liave beii^n reftnred by ^ ariuut* boluiiists to leaves, sti- 
pules, peduncles, branches, and eVen routs. Their position by the side of 
the leaf is very curious, and accords with Warming’s suggestion that the 
tendril is an oxtra-axillary jimtnhh, arising as it does from a fiat cellular 
outgrowth outside the leuf-Axil. Wanning njso describes the following 
structures as emerging from the axil of the leaf jn many Cucurbits : — 1. 
A terminal <J or J ffowerj 2. A loaf-bud ; AuVinflorescenco homo- 
droiiious with the principal axis, antidroriious with the leaf-bud. In 
ThUiiliantha dubia, according to ilutailly, the tendril and the male flower 
replace one another morphologijcally, being never found together, but the 
one always in the place of the other. The audrcDcium of these plants has 
been considered to consist of five stamens, with unihxiular anthers, united 
into three parcels ; but by others it is* assorted that tbeso plants have 
three stamens, two with two-celled anthers, and one with a onc-celled 
anther. Traces of the abortive stamens may, however, bo detected iitthe 
vascular bundles, so that the typical structure of the androecium is pent- 
amerous. The construe,ti6n of the ovary of the Cucurbitea is remarkable, 
the sides of the carpels being inflected to the centre, and then rolled in 
further upon themselves until the marginal placentas are brought back 
nearly to the circumference of the fruit ; hence, although terimd parietal 
placentas, they are rather on excessive case of the inflexion which ordi- 
narily produces axile placentas. The form of the fruit is varied : the pepo 
assumes idmost every moditicatioii of globular, oval, bottle-shaped, sausoge- 


Series 1. PLAaioSPEBMEAS. Ovules 
horizontal. 

Feuillasii, Z1 
Biyonia, Z. 

Oitrullns, Neck. 

Eebalium, Z. C. Rich. 
Moinordica, Z.® 

Cucumis, Z. 

Cucurbita, Z. 
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likfi or even snake-like form ; some kinds arc dehiscent : in Echaliim it 
bursts by sepcrating from its peduncle and expellinp the seeds with 
violence throujrh the oritice; \n Mmiordivu and others it bursts irropru- 
larly ■ in JRlafvrivm it bursts by two or lliree calves at the summit ; and 
in some species of Lvffa an orifice is fornud at the top bv the separation 
of the scar of the calvx. In iSt'chium tlie pepo contains only one seed, 
which porminates within the fruit, and never separates from it, so that 
the fruit resembles a thick root-stock, 

DtotrlbutloB.— A considerable Order, the species of which are cliiefly 
natives of hot climates, especially aboundinj?in the. East Indies, hut some 
found almost anywhere ; Bryonia dimm is the only British species. 

Qualltios and IJ8efl.^The majority of the plants of this order are tiO be 
looked up(»n as suspicious, from the prevalence of a purprntive property, 
sometimes Ncry \iolent, Bometimes sliprht, and apparently liable to aftect 
particular constitutions more stivmprly than others, Sonie kinds may be 
reckoiu'd as poisons, while others, especially when cultivated, althoiiprh 
they retain laxative qualities, become, innocuous. Amonp: fhe decided 
purjratives, Bchalium agrestr, the dried juice of the fruit of which furnishes 
“JoCiterium,'’ is one of the most drastic a*?ent8 kntwn, Oolocynth is the 
extract of tlie pulp of OitruUus CoUmfutkia ; the fruits of several species 
of Lnfa and Laymaria are strongly purgative ; the roots of the various 
species of liryotnn are actively cathartic ; and the same, quality resides in 
the seeAls of Fenitkm cordifoUu^ &c. Some other plants ol* the Order share 
this quality, although the seeds nro generally harmless. 

On the other hand, the milder species furaisli fruits highly esteemed 
either as fruits, for their delicate Havdnr in their fresh state, as in the 
Melon and the Ouemnber, or as pot-herbs, from t he succulent, hlaiirt, 
pulpy substance of the' unripe or npe fruit, ns of the (lourds. Cuvumis 
Mvio \^ the coinuion Melon ; Cncunm sativm the (hicunihor; Cwcf/r- 
hila (Mrulhfs is the Water-melon ; Oitntrbita P<^o is tlie While Gourd, 
C. maxima Bie lied Gourd or Pumpkin; the Vegel able-mamjw is a 
vari^v of C. Pcp9, The Snake-gourd, Ti'ichomnlhva anyuina^ is eaten in 
India,* also many other species of Cncurbitaceoiiajilanls, which appear to 
become much milder under (Hilti\ation, I'ho fruit of JSrehimn edxde i.s also 
eat<m in Iiot countries. The seeds are oily ; some are harmless, ns those 
of Wfairia pvdnta (Africa), which nro said to b(i ns large as chestnuts, 
and are eaten like almonds, and the oil expressed. The pulp suiTOuiiding 
them is very bitter. 


• BEG 01s lAOE^E (ElephantJs Eabs') arc herbaceous plants or low suc- 
culent shrub.** with an acid juice ; leaves alternate, oblique nt the base, 
with large scarious stipules ; flowers mona'cioiis ; sepals coloured, those 
of the barren flowers in two pairs, decuKsntiiig; those of the fertile flowers 
5, imbricated, or 8 ; stamens indetinite, distinct or coherent in a column ; 
anthers clustered ; ovary inferior, ^i-cellcd, with 8 dissepimental placentas 
meeting in the axis ; stigmas 3, sessile, 2-lobed ; fruit cap.sular ; sec^ds 
nperispermic, with a thin reticulated testa. — Illustrative Genera : Beyo^ 
wifl, h . ; Ilidebrandia, Oliv. 

AftnltlM, fte. — The relations of this interesting and numerous Order 
have been varioiiely conceived by diiferent authors ; but they appear to be 
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near CuriirbitRcere, the BO-cnllcd parietal plneentaB of the latter beiii^ 
rather an excessiv^e. form of the double axile placentas of sm li plant^j as 
JHplocliuitnn, and the placentas of M<K:ieria are deseribed iw pai i(dnl: 7///- 
hhrandia has nearly re^jiihir llowers, an<l the ovary opi^ris at the top as in 
lit aedn. It cuntirina the relntionsliip to ] latisc-adw. JkfpmieUa has a hell- 
shaped ^aniophy Ilona perianth and definite stainens. — They are natives 
ehiefiy of India, South America, and the Wi'si Indies, and aiv much cmlti- 
Aiited'for their beaul^- j the oblique or uao(tiial -sided leaves are chanwlei- 
i>(ic, whence they are sometimes called Klephaut’s Pinrs. Aluny liiujn- 
7iia:i are remarha'ble for the production of lulviuititious buds ih prinit 
riumboi's from \arious purls of their surface. Tlie roots iinjunir to be bitter 
and astringent, sonietiines purgative. U. malaharica, tuhvroHH^ and some 
others are used as pol-iierbs. 

PATISCACETE are di^diuons apotalons herbs or trees, witli alternate*, 
exstipiilate, simple or compouiul leaA es; barren (lowers with a 
rniis ])erianth,ai]d *‘1 7 staiinms; fertile om^swith an ndlicveiit ii—Moothed 
])eriiuitli, a 1-celled ovary with .*>-4 many-sccdud paiielal ])laeejitjis, and 
II dry j'rnit opening at tin* summit. — They consist of a ft‘w species very 
widely scattenal. Ihitiaro vaiinaUna is loiind in tlie soiitli-easl ]»art of 
Europe, and has hitler and juirgative juioperties. 'flie t hvler appears so 
nearly r<*lated to ('’iKMirbitacese, liegouinci*!©, and Ji(»a.siiee{e, that it is 
nnd(‘sirahlo to place it among tin? 3lonoehlamydea\ JK vuniHthum is r(*- 
niaiknhh* lus affording one of the examples of a temlejjc}^ of the fernnh* 
(lowers of dkecious plants to mature seeds with out ijiipregnalion ; (liis 
phenomenon has been ob.ser>ed freqiiendy in Vivluhupijuv and Mn'ntrifdis 
among tlie. iMiphorhiacejc and in CttHHabiH ; hut sonu* ei;ror of observation 
is lo la* su.Mpec1ed in these cases. THrainvhitt is a large tree, the rest are 
herbs. — Genera: 7V*^/wwc/es, Jt. 1 Jr, ; Presl. 

Hom \LrACKiK is a ^mall Order of tropical trees or shrubs wdth inferior 
ovaries and jmrietal placentas, related on tin* one hand to Pnssiilti'ucete, 
on llie other to Loiusiwea; and (hictUi'ess. I’hey are included in Samyda- 
c(‘fe by ihmthain and ifooher; some of thi^m have been introduced into 
cultivation <ni account of Uioir foliage ; the floweis are small. — Genera 
Jlomalium, Jacq. ; lihtchmUiay Com mors., kn, 

LO.\SAOK/K comprise herbs, soiiietime.s hispid with stinging hairs ; 
leavi S o]>posite or alternate, without stipules ; calyx adhert ut, 4 45-partcd ; 

t )etals 5 or 10, in 2 circles, often ciicullute; staiheuB numerous, free or in 
>uiulle.s, adherent to the petals, ofteh intermixiid with staminodes or 
^^aTortiM* stamens ; o\tivv adlnifcnt, 1-celled, with several pnrietul placentas 
or 1 central ; oviile.s pea<lulous ; seed with a loose testa ; embryo in the 
axis of fieshy perispenn. — Illustrative Genera : Mvntz^dia^ \u\ liairtonia, 
Sims. ; Loam^ A dans. ; Blumenhachiaj Schrad. ; f/rewor/«, l.i. 

AAnltleB, AO. —A small Order. The iremus Oronomaj with a climbing 
habit, connects this Order with Oucuroitacese, especially those witli a 
single seed; but in the latter Order the seeds are aperrspermic. It ia 
likewise clo.sely related to Cactacero, differing importantly in habit oiily 
from some genera. With Begemiads it agrees in the character of the seed.s. 
A further affinity exists to the epigynous Order Onagracem : and among 
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those with a free ovary, Malesherbiace», Tumeracoie, and Possiflorarcie 
exhibit some points of n«fr«*enient. — ^I'hoy are natives of the warmer prii’ts 
of America ; but one occurs in Arabia ami tropical Africa. They are 
principally remarkable for their stinging hairs, which produce more 
violent irritation than oiir indigenous Nettles. MentzvUa hiftpitla has a 
purgative root. Li)am, liartonia^ &c. are often cultivated on account of 
the beauty of their flowers; but some of them are rendered less valuable 
by their stinging-property. 

CACTAtUEyE (Indian Fios) are fleshy and thickened, mostly leafless 
plants, of peculiar aspect, gh^bular or coliimmir nml many-angled, or 
flattened and jointed, usually with prickles. Flowers solitary, sessile ; 
the ealvx and corolla Hometimes 4-mcrons, but generally nndistinguishable 
and iinliricated in several spiral cycles adherent to the J-<:ellod ovary; 
stamens imleiinite ; placentas pirietal ; fruit succulelit ; seeds numerous, 
parietal or in the pulp, aperifipi‘rriiie. ^ 

Illitstrativk (tKNKHA. 

Tribe 1. EcniNoCACTEiR. FVwm*- | Tribe 2. Oju^NTiKifi. Flotrer^ 
tube pi'ohuifiod heiiond the ovarp, tube not. probrntfed bejfntul the ovu/'y. 
Stem tubmted or npiny^ rarely leafy. Stem branched' jointed, 

Mammillnria, Hm\ Rliipealis, (ieertn, 

Eehinociietus, Link et Ott, Opuntia, Tonrnef, 

Cere us, JIatc, I’ereskia, Plum! 

Afflnltlei, fco.— Tlieso plaiita are generally distinguishable at first sight 
by the reiuarkable forms of their succulent Vems and the absence of Irm^ 
loaves; but this aiiomalpus condition of tiie^gtem is not a decisive charac- 
ter, nor does it even ca^ Hrith it ihdications hf affinity, since we find it 
among Eupliorbiacepe, in Sta^wliefe among the Asclopiadacero, in Vitacea*, 
and iaewhei’e. The ordinary forms scarcely ]a»quire description; but it 
must be noticed that the leaAike structures of Epinhyllum &c. are flat- 
tened br^chos,’ Jind the leaves ar^ represented solely by spines in the 
coinimm Infids, each t<nft of spinei representing an aWtivo shoot with 
undeveloped iiiternodes ; Pere^inj however, boors true leaves, sessile or 
stalked. The stems have a woody axis of the normal Dicotyledonous 
structure : the chief mass of the stem of the phylloid kinds is made ui» of 
the greatly develdpaa^t^ortical parenchyma; but the globular and columnar 
kinds are very solid : the wood is remarkable for a peculiarly formed spiral 
thickening of its cells ; and the poi'enchyma of old stems is densely loaded 
with crystals of calcium oxalate. » - 

The relations, as founded on the structure of the flowers, are, perhaps, 
closest with Loasaceie, and beyond them with the Cucurbitncofc, with, 
however, many important points of difference from the last. There is a 
considerable roeomblance in certain resmicts to Mesembryanthaceee : for the 
pla^ntas of that Order and those of tne present are apparently but slight 
moaifleations of a similar fundamental structure. Borne degree of affinity 
exists between Cactacesd aud Ribesiaceas ; but the dicarpellaTy structure 
there and the perispermic seeds are important distinctions, and indicate 
a closer relationship of the latter plants to Saxifragacese. 
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DlBtrlbntlon.— -A large Order, tbe members of wliich are almost exclu- 
sively found ill the hotter parts of America, especially in dry situations. 
OpmUia Gulgark is naturalized in South Europe and elseivhore. A species 
of Jihijmalis 000019 in Africa as well as in Ceylon. 

Qualities and Usos.-^A Bubocid juice is commonly present in these 
plants, whence some of them are esteemed ns remedies iti levers j the pulpy 
fruit of some is agreeable on account of this quality, in others it is insipid 
and mucilaginous. Cattle ai'e said to bruise the trunks of some species 
with their hoofs in ofUer to browse on the succulent parenchyma. Opwttia 
vuhjarii* is the Pi ickly Peai*, the fruit of which is esteemed in the south 
of Europe and America. The fruit of O. Tana yields a carmine pigment ; 
that of iWeskia aculeata is called the Ilurbadocs Gooseberry. O. cocci nd- 
lifera^ the Nopal plant, is etdebrated as forming the habitation and 
siisttmauce of Coccus Cacti, the Cochineal insect. Ccrem yrundiflorus, 
C. nycticalns, and some others are noted for openin^j their magnilicent 
flowers at night : these and many other species of this and other genera 
of till! Order, such as Epiphyllnm, P/iy/hvacfm, Jihimalis, &c., are highly 
value.d in cultivation for their showy flowers j and globular, columnar, 
and angular stems arc not less remarkable, on account of their straTi>>o 
appearance. 

iaHE8IACE.E OR Ci UOSHULAfUACErE ((^[JIIrantr) are l(»wshriibp, 
soinelinies prickly, with alternate palmately lubed leaves, n o-Johed calyx 
inseparable from the 1 -celled ovary and h«'aring 5 stamens alternating with 
as many small petals. Emit a 1 -celled, inli*rior berry with 2 parietiil nln- 
centas.* Seeds numerous, imbedded in pulp ; embryo minute, lu abundant 
horny perispenn. — These jdauta were formarl^ associated in the same Order 
with Cuctaceie ; but their structure diflers importantly, and approaches 
so nearly to that of Saxifi^agHcensi that VuUjosma is placed among the 
Esrallonica^ by some authors, and in,, this Oi’dor by others ; the succulent 
fruit and the horny jMjrisperm, are' almost the only criteria, since the pla- 
centas are parietal in some JEscallonivai. By Beuthani and llooksr this 
Order is included imder SaxiiVugaeem ofl a distinct Tribe. — The plants 
occur in cool or shady localities in the teniperate riigiottfirof Europe, Asia, 
and AiiKuica. The agreeable acid flruits form the most stqit&g charaettT 
ol‘ this Order. TJie (Gooseberry (It. Onmidurfa), the Black Currant (if. 
nit/rnin), the Rtwl and White (Jurraut (if. rubnim) are the most valuable 
kinds, 'fhe Black Currant is remarkable fta* the Aromatic glands, which 
gi\e a stiiLiulaiit property. All coiiliiin malic acii^ .«»|5ther fruits of the 
Older resemble these, imt are commonly either tasb^^sa or excessively 
acid. Several species are showy garden shrubs, as if. aurmm, if. coc- 
^ cii ieum, &c., in which tlio calyx is brightly coloured. 

HAMAMELIDACE-E (Witch-IIazkls) are shrubs or trees, with alter- 
nate simple leaves and deciduous stipules ; flowers in heads or spikes, 
often polygainoiw or inoncecious ; calyx adherent ; petab* narrow, valvate, 
involute or circin&te in the bud, or absent ; stamens twice as many as 
the petals, half sterile and scale- like » or numerous ; pistil of 2 carpels, 
forming a 2-celled ovary, with 2 styles ; ovules solitary in the cells or 
numerous ; fruit a 2-beaKed woody capsule with 1 seed in each of the two 
cells, bursting at the top ; seeds perispenuic. 
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Tribe 1. JlAArAMELicAC. Dirhln - 1 Tribe o. Altin^iikas. Ca/t/T 
mydemts ; ovary irith 1 Huspvndvd j often rudimentary ; ondes seoeral in 
ovide in rack hndns, I each liteidan tf the ovary. 


ilaiiiniiielis, L. 

TricboeJiidiis, Pers, 

Tril)e 2. FoTirEiirtiLEEA^. Mo- 
nochlamydeoiiA : ovary as in I’ribc 1. 
FothiTjrilbi. L.f, 

Parrotiii, (\ A. Mey, 


Liqiiidjmibfir, L. 
liuckUindin, It Pr, 
IMiodoleia, Champ, 


Affinities, 4(0. — Tjndh'v iiinkoH Liqatdanihar ihi* lype of a distinct Order, 
Altiiijjiiieeip, nssneiiittMl with the Amentiferous Ordci'S ; but the relations 
between Die »enera above noted uppeiir opposed to this. Tlie flowers may 
bo rejrardt'd as indicating' an ahi*rrarit form, standing near Oornacero, from 
"whioli they diifer in their perigMious staiiifais, their multiple style, alter- 
nate exatipulate leaM‘s, Tliey ari^ also connected by Isruniaccas with 
tJie Umliellifene. 'Diey approach closely to the Saxifrages, but have 
wood-cells marked with ghindiilnr dots and a large (not small) embryo, 
besides other points. The species are not mimerrius, but aro widely 
(lillused. The ptdals of Jlamamctis iwo circiiinti* in jostivation. — Various 
sneeies of JJqaidamhar yield tlie pungent resin called Storax. L. styravijiua 
(North America) is an ornamental tree, tlie handsonu* /)-tid leaves of 
whidi turn red in autumn ; its resin contains much benzoic acid. Most 
of the liipiid Storax ” of commerce comes from the lOast, nrobahly from 
X. orientate in the lA'vant, and L, Attinyia in the Malay Islands. TJie 
bark of these trees is also acrid and bitter. 


llurNiACKA-i is an Order of ^entll-lil^e shriibfl, mostly found at the 
Cape of (lood llojie, of unknown properties; in structure apparently con- 
necting the llaummelidacero with the Uiiibellifcrse, having an epigynous 
disk, and theheailsof tloNvers synieDmos surrounded by iuMducral biacts; 
but the petals are valVBte. They have some degree of afliuitv to Myiliu-cm 
also, thus bringing these relation with the Caprifoliaceo) nnil allied 
Orders. — Oenera: J&mieVi, L. ; iStaavia, Thunb, 


UMBFLLIFER.F: on APIACE^E. 

^Coh. Umbellales, Benth, vt Hook, 

Diwjmshi, — Herbs, gmmrallynvith fistular atoms, alternate ex- 
sti])ulate loaves sheathing at the base, and generally deeply divideiT; 
the regular hornia[)hrodile flowers in umbels ; the tube of the calyx 
completely adherent to the ovary; the 5 petals and 5 stamens 
springing from the disk crowning the ovary and surrounding the 
base*of the 2 styles (tig. 385) ; the fruit consisting of 2 separating, 
seed-like, dry carpels. 

Character, 

ThalamuB concave, forming with the base of the calyx a tube 
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(flowcr-tubo, caivx-tube) adherent to tlie ovary. Oahjx limb 
5-tootbed, ring-like, or uiidistiiigULsbable. Corolla : petals Ti, 
distinct, springing irom the outside of the ileshy disk, mosily 
indexed at the point, sometimes bifid, often uiiecpial in size. 
Stunirus 5, alternate with the petals and emerging with them, in- 
curved in the bud. Ovary inferior, 2-c(dled, composed of 2 
coliercnt carpels, surmounted by a double fleshy disk or stylojtod, 
from which proje^. 2 divergent styles; stif/inas simple; uriUes 1 
in each cell, pendulous. Fruit consisting of 2 seed-like halves 
(mericarjis) separating at the connuissure, remaining attached 
above to a fork(»d carpophore (lig. which was previously 

enclosed bctv\'t;eu them ; each moricarp an indtdnscent l-setuhid 
body, with the pericarp developed into longitudinal ridges {Juya\ 
Spriimiry and sometimes 4 siHiondary, witliintervi^ning channels 
{jvalleculiv\ in which often exist lines of oil-bearing tissue called 
vitkv ; embryo in the base of abundant horny perisperm. 


Fig. dHd. 



Fi'k. USo. Vprtii’al tioiytion of flowor of lurnieulurtn. 

Fig. CroHH aHctiiin of the fruit ot Daucus. 

Fig. :587. Fruit of Antkri^ow. 

Fig. 3S8. Bip« fruit (meriuarpii) of Conking separating firom the carpophore. 


Illustr.\tive Genkiia. 


Series 1. IlKTEUost^rADiAs. Um 
heh generally simple ; vittee none, 
Tlydrocotyle, Toumef, 
Mulinum, Pers, 

Sanicula, lournef. 

Astrontia, Tournef. 
Eryugium, Toumef, 


Series 2. Haplozygias. Jlmlteh 
compound: primary ridyes of fruit 
alone consincuous ; vitke rarely cAseut, 
hk;hinophora, Z. 

Coniiim, Z. 

CicutA, Z. 

Anthriscus, Z. 
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(Enanthe, Lam. Soriea 8. 'DiPLOZYCH-ffi. TJmhds 

^^thuan, Z. compound: fruU. with both primary 

Anj^elica, Iloffm. and neconddry ridyea well marked. 

Feriila, L. Corinndrum, L. 

Ifuracleum^ L. Dauciis, L. 

Thapsia^ X. 

AlBnltlea. &o. — The floral conformation may be thus expressed : | S 5 

P 5 A 6 (jr 2. The aiTangemcnt of the genera above given is that of 
Heutham and T looker, who greatly reduce the number of genera cited by 
other authors, lly Do Candolle the Umbellifers were grouped under three 
Suborders: — 1. Orthaspcrmetc \ perisperm flat on the inner face : 2. Campy-^ 
loaprrmerc perisperm involute, with a vertical groove on the inner face: 
3. Coilospfmicee : perispenn inflex(‘d above and below. The plants of this 
very extensive and im])ortant Order are in general readily recognizable 
bv their inflorescence and tislulnr stems ; but these characters are not 
always present, even in the indigenf>iis foniis ; and it is instructive in this 
respect to examine the genera Sanivula and ITydrocotyle, where the umbels 
ai*e little developed, and Erynymm^ Avlmre the. flowers are sessile and the 
involiicral bracitsso much dtiveloped ns to give the umluOs the appearance 
of the ea])itula of Oornposilos. These deviations from the ordinary liabit 
are still more striking in some of the exotic genera ; for Hornfieldia^ a 
Javan form, has capitulate heads arranged in panich'S ; and Bola.Vy an 
Antarctic genus, grows in a tufted manner, witli imbricated leaves and 
nearly sessile iimbids, so as to assume the outward a])pearance of some of 
the alpine species of Androsace. In some of the genera the leaves aro 
entire, or the stiilk of tlie loaf expanded into a blade-like form (Ihiplvurum^ 
Erynyimn). The essential character of the order lies in the fruit, by 
which they arc known from all otlu^r plants. The form of the. fruit, tho 
structure and arrangement of tho ridges and vittm upon the peiicarp, 
together with the form of the perisperm of the seed, and the characters 
presented by tho inflorescence, furnish the characters by which the Order 
IS subdivided ; tho latter character, althougb ♦’ormorly regarded as primary, 
is now found to be too inconstant for that purpose. 

The relations of the tTnlbellifern* are closest with the other epigynous 
Calycifloraa with definite stamen.**, especially .'Vralincem (from wdiich their 
fruit differs), tho Rubiaceaj (which have sympetalous corollas and op- 
posite leaves and inler|)eliohir stipules), and the Cornacoro (where the 
leaves aro partly opposite, the flowers tetrameroiis, and the fruit succulent). 
In habit, as well as in dicarpellary structure, some of the TTnibelliferto 
approach tho Saxifragaceno. llbo resemblances to ^leraniaceaD seem 
rather superficial : the carpophore is of very distinct character. 

Dl 0 tribatlon«<-^Abiuidhnt in tlie northern and central parts of Europe; 
Asia, and America ; common upon the mountains of warmer regions, ail'd 
aii^in met with in the Southern hemisphere, but chiefly as dwarf and 
aberrant forms. 

Qtialltles and Uses. — Several distinct classos of active secretions occur 
in the plants of this Order, which in some are extremely powerful, and in 
others slightly developed. The most important consist of acro-narcotic 
poisonous substances m solution in the watery juices ; the second are 
gum-resinous substances, and becoming milky when exposed to the air ; 
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and the third are aromatic oils especially developed in the vitta^ of the 
poricarps. Many have the ^vatery juices innocuous and the ^:uiii-re8itiuua 
secretion* mild, so tliat they become esculent veiretubles, which are ren- 
dered still more bland when they acquire a more succulent condition under 
cultivation. The absence of lipht has a remarkable etlect in preveutinf^ 
the development of the aromatic principles, as is seen in blanched gar^u 
Celery ancl otlier cases. 


Fig. 389. 



The Homlook ((k/nium nuteuUitum)* 


A number of the poisonous kinds are indigenous, one of which, Omium 
wacM/a<MW, Hemlock (fig. 389 is in use in medicine as an anod yne. JElhum 
Ofnapmmy Fool’s Parsley, is a common weed ; Cireuta j trmuy Water 
Hemlock,. iB«j^t uncommon ; C. macuktta of North America is equally 
poisonous ; f&isitvUhe crocaia^ Hemlock Dropwort, CE. Vhelkindriunij and 
other species are noted as poisonous, although thi^y lose the property under 
certain circumstances. Anthrisem aylvestru and i\id<jari% are sold to bo 



2S2 


BVSTEMATIC BOTANY. 


poisonous. Accidents .iccur from the resemblance of the foliag:e of these 
plauls to Parsley, am of the routs of and others to Parsueps. 

Jli/drocotyle (matica is used in cases of leprosy. 

'Jlie plants iuruishii g the anlispasmodic gum-rosins are mostly natives 
of warmer regions tiiaa the poisonous hinds, and some doubts exist as to 
tlie exactt species which yield certain of these substances. Asaf'oetida is 
believed to be derived from Narthex Amfcctida and iScorodonma fwtula, 
Fonda orinttaiis (Morocco) yields an analogous resin. Sngapeiium is 
supposed to be obtained from anothtir spetdes oi^Ferula, Clum Am- 
monimnim is from a Persian plant called Dvrema Atmnoniavum and 
Dorcma t/nmmifenmi, Opoponax is tbe resin of Faatimca Opoponajc 
{Opo/mtft.r Chinmum). Tbe source of Clum Gulbauum is supposed to be 
Ferula unlhuwjlua and ntbricanlia. 

The llavour orOehny [Apium f/rar/olms), Parsley (Fetroselinm?} aa- 
tiram)y J'Vnnel {Fwnicuhim nilf/arr)^ Aw^ohea {Arcfiaapolica i^icinalia), 
.hii'Migo (7‘Jn/Nf/iiun marltimum and cainpeatro)^ of the Carrot {Danata 
(larota)j and the Parsnep ( Paatihara aatira) depend on a volatile oil con- 
tained ill (he rind and leaves; but nu»ro coneentrated in tho vitta* of 
the pericarp, which renders the fruits of these plants powerfully aromatic, 
whence tln*y are often us(;d for Ihuoiiriiig in cooking; the fruits of the 
(him way {('arum Cnnti)^ Dill f/raroolons)j (!oriander (Con- 

andrum aatinnn), Anise {Fimpindla AHiHum)^ Ciiminii] {Vumiaum Ci/mi~ 
ttum)y Afami coplbum, and others are especially valued for these essential 
oils. 

The roots of tho Carrot and Parsnep, the root of Art'achaca eaoulvuta 
(New Cninnda), the stem and petioles of Celery, 'when rendered veiy 
snccnlcnt by cultivation, retain only a moderate (|iunitity of tho aromatic 
oils, and are then cliielly valuable i’or their saccharine and mucilaginous 
qualities. Samphire, made int,o pichli\s, is Crithmum tnanthmirn^ a species 
growing on maritime rocks. The roots of Chervil (Anthriacua CWefdium) 
wer(! formerly eaten. Tho tuljers of the species of Btmitim are edible. 
Alexanders ( Smijininm Oluaatmui) was formerly cultivated like (>elery. 
Hiimhul root is tlie produee of Furyaiiyiam Sumbid, and is employed as a 
tonic and stimulaut. 

ARALIACP^'E (the Iv^' Oudkr) consists of herbs, shrubs, or trees, 
with characters I’cstmihliiig those of I'liibellifene, but usually with more 
than ii styles, and the fruit .‘1- or several-celled, succulent or dry, with 
one perisperinic seed in each cell. — Illustrative Genera: FanaXj L. ; 
Aralutf L. ; Jlcderoj L. ; Adoj'Oj L, ; (Junnera^ L. ; llclwint/ta, Willd. 

Afflnittes, &e. — The Arnliaceje stand very close to the Unibelliferte, but 
may be distinguished by, the ovary*having more than 2 carpels. Most o ftlm 
plants have also a valvate motivation of tho corolla, while it is imbricatoSf" 
111 tho Umbelliferm : there ^re some exceptions to the rule in tho latter 
Order ; and Adoxa is an excnqiliou hero. Seeinann separates as a distinct 
Order, under the name IlederaceaR, all Umbelliferous plants with valvate 
petals and a fruit composed of two or more carpels. The true Araliads, 
according to this author, have imbricated petals. I'hey are not ao exclu- 
sive! v herbaceous as the Umbcllifetie, some being trees, and some climbing 
shrub), wliich latter bring the Order into relation with the Vitacese. 
They are nearly allied to Oaprifoliacese, which have a sympetalous 
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corolla. Adoxaj referred to (''aprifoils bv llenthain ond ITookor, ij* n*- 
inarkiible for its staujims, which iia^e a bipartite tilauieiit, each luilt' bear- 
ing a separate anther-lobe ; it also presents iiow'ers with 4- and 5-iuerous 
corollas in the same intl<jr(\scciice. Gwtnvray an aberrant form, included 
under ilaloragefe bv ikmthaui and Hooker, is in some coses dimcious, has 
a dimerous periantli of two whorls or none at all, and 2 stamens, and a 
l-ceUed, 1-seeded ovary ; (t. scahra is remarkable for its (uiormous leavei*, 
as much as 8 feet in dininetor, on stalks like tliose of li/ieum, Jlflwint/ia 
is unisexual, and is iifadu a type of a distinct Order b) Decaisne and 
others. Its dowers are collected on the midribs of the leaves or bracts, 
froni the adherence of the peduncle, somewhat as in Tdia. Seemanii 
includes in his proposed group of H(‘derareii*, on account of their valvate, 
not imbricate, petals, Crithmum, Ilon^ieldiu^ sonnj specie^ of Ilydroi'otylVf 
and some other plants usually placed iii Umbellifcric. 

Distribution. — .V considerable Order, distributed throughout all climates 
and ill all ports of the world. 

Qualities and Uses. — Aromatic ami stimulant. The root of rmns 
fiinmuj is highly valued by the(.’hine.sf» as a stimulant ; 1\ quinqHcfuUnm 
is exported to China from the I nited iStutes as American (jin.'-eng. 
Aral ill midicmdh (United States) is called Wild Sarsaparilla; -I. rarnmosn 
yields au aromatic gum-resin. The n.striugcnt roots of (runmra Hcahra 
are used for tanning, and the titishy leaf-.slalk.s are eaU'ii. The berries of 
Ivy (Jlcihra Jlalir) are emetic ami purgative. The wood of some of Iho 
Xkst-lndiaii species is resinous and aromatic. The substance calk'd 
li ce-paper, pwpared bv tlie (.^liiiiese, consists of thin slices of the j>ilh of 
Tetrapanax papyrifenim. 


COllXACl^-E (xirw Doowoon OiiuKii) consists of shrubs 
or trees (rarely herbaceous), almost always with opposite* and 
exstipiiluto simple leaves; Jlov\ers 4-5-merous, sometime.') 
diclinous; the tube of the calyx adliei'ent to tlie 1-2-ceIled 
ovary, its limb minute ; the petal.s (valvate in the Inid), willi 
as many stam(*ns, iriM'rtcd on the margin of an epig}'iioiis di.’^k 
in the perfect flowers; style 1 ; a single iinatropous oviik; 
suspended from the top of each cell; the fruit drupaceous, 
I'^2-.seedcd (tig. 390) ; eiiibrvo nearly the length of the peri- 
sperm, wdlli large and foliaoi*ou.s cotyledons. — Illustrative 
Genera: Corniw, Tournef . ; .44MrM6tf,Thuiib. 


Kig. im. 



Ri|i(‘ fruit 
of Curntu. 


Afflnitlefl, Ac. — The chief distinctions from the Araliacem lie in the in- 
florescence, the tetrnmerous structure of the flower, the usually oppo.'^ite 
the 2-cai‘pellary ovar}', and the simple style'; from Umh(‘liif«jne 
the two characters divide them, together With the single style, ami 
in most cases the habit ; (*aprifoliaeem are distinguishable by the sym- 
petalous corolla. Ilaloragacem differ in habit and distinct styles, but are 
connected with this group through Gunnera. 

Dlstrlbotton. — A small Order, the members of which are natives of the 
temperate parte of America, Europe, silid Asia. 

QnalitlM and Ubcb. — The bark of various species of Comvs is esteemed 
as a tonic and febrifuge ; C Jhrida are used in North America in 
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place of Cinchona; Cormts sant/mnea, Pog’wood; is a common hedge 
shrub. C, mancHla^ the (cornelian Cherry, hears fruit, which is now little 
esteemed. Aucuba Japmiica^ the variegated or “ Cuba ” Laurel of our 
shrubbeiies, is the female Ibrm of a dioecious Japanese plant, propagated 
in thousands by layers, but tilljately never producing seeds. Since the 
introduction of the male plant, however, the scarlet olive-shaped berries 
are produced in profusion ; and numerous vai'ioties have been raised from 
seed. 


Division TI. Oamopotals or CorolliflorsB, 

Dicotyledonous J'^lou'ering plants having both calyx and corolla, 
the latter syi% or gamopetaloiis and springing directly from the 
reci'ptiicle ; the stamens mostly adhoivnt L) the corolla (epipetalous), 
rarely free and arising with the corolla from the receptacle. 
(jT^^najcium usually s^mcarpous. 

Exceptions, &o. — The prevailing floral foriinila is S /> | A 6 G 2, hut 
siitiilar anoiiialieH to ihoso noted muhu'tlie other Subclasses occur in some 
Orders which, on the whole, are CorolliHoral. Thus, among Kricaceae, the 
Siiborihu* J’mcinivcf is properly Calycitloral, and the same thing occurs in 
Rtyracacea^ and elscwluu’e; among tlio hh’iciu-ete and Epacridacem we some- 
tiiiK's havi$ the Thalaiiiifloral condition, the petals beinj^ distinct and the 
staiiieiis hy})ogynous. In Prirnulacete, Oleacem, and l^antairinacete ape- 
talons and pdlypetolous species occur. In Lobeliaceic, rrhnulacefc, 
Myrsimwew, Sapotacete, Styracacem, Jasminact;aj, and Pliirnbaginaceto 
dialypotalous corollas occur, but with epi]>etalous stamens ; and also, in 
some cases, upetalous flowers with hypogvuous stamens, which, strictly 
speaking, would ho Monochlaiiiydeous. ^These (and Jnany other eases 
might be noted) indicate tlie contiiuial occurrence of “cross relations” 
^tweeii the groups of Orders, which render it very diflicult to arrange 
frie Orders satisfactorily, and show' that any linear series is quite artificial. 
The (hiiiiopetalous Orders may bo grouped at^cordiug to the position of 
the ovary, superior or iiderior, the number of cai’pels, the r<'gularity or 
irregularity of the corolla and stamens, &c. ; but in any case allowance 
must be made for exceptions. 


Series 1. Infek-e or Epioyn^. 

Ovary usually inferior, l^tamens isomerous with the lobes of 
the corolla, rardy. fencer. 

CAPRlFOLlAClLE. The Honeysuckle Obber. 

CoA. Kuhiales, Benth et Hook, 

^ Diftffnosts , — Shrubs or rarely herbs, with opposite leaves and as, a rule, 
no stipules: the tube of the flower adh^ent to the ovary; the stamens 
as many us (or one less than) the lobes of the tubular or rotate epigynous 
corolla, and attached to its tube ; ovary l-C-celled, often with 1 ovule in 
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oue cell and several in the others ; style 1 ; stij^as 3 or 6 : fruit indehis- 
coiit, dry or siicculent, 1- or more-celled ; seeds solitniy or numerous 
P|mdulou8; embiyo in fleshy peiiispenn.— Illustrative (ienera: J}ien*iUal 
Tournef. ; LonicerUf Desf. ; Vibummitf L , ; SambuctM, Tomuef. 

AfflnltlM, Jrtj.— This Order is usually subdivided into two Suborders 1. 
Tioniooniffi, with n tubular, refi^iilar or irregular corolla, n filiform style, and 
seeds with a dorsal raphe ; and 2. Sambuceae, with n‘gular rotate corollas 
3 sessile stigmas, aud^ei'ds with ventral rapluj. It connects the svm- 
petnhms Uubiaceje, Logaiiiacem, and their allies with tlie dialypetalous 
I’oriiwjeffi and Uiubelliferffl. Through the Eacalionieep it is also conuected 
with the Raxifragaeeai. 

Distribution.— A considerable Family, distributed chiefly in the northern 
parts of Asia, Europe, and America. ^ 

Qnalitles and Uses. — Some of tlic plants possess powerful purgative and 
emetic^ronerties, as in the case of the heaves of tlm Elder tnt/rti\ 

of the Gueldres Hose (Vihurmnn ()pnlm), the Oommon Jronovsiickl«‘(/y>- 
nirera Perich/mBMtm), and Trio'^ieum perfolinfum (North Anicnca). The 
fruits seem commratively destiliite of tllis nro])erty, that of our I'lldcr and 
others being made into wine ; the herrie'sof Viburnum aro eaten in North 
America ; and tho.se of Spmphoncarpm^ the Suow-ben‘v of our shrub- 
beries, appear to be harmless. The fragrance and beauty of the flowem 
are marked characters of the (h-der. Jlcsides Honeysuckles, specie w of 
Limicera and Caprifulium^%\\i^ hild(;r, the species of Viburnum ( V. Opnlm 
grown in gardens lor its balls of white irntter flowers, V. Laninna^ the 
mealy Gueldn^s Hose, V. Tium^ the liaurustiiiiiH shrub), Spmphonvarmts 
See. ar<* found in every shrubberv. lly Hf-ntliam and llookor the curious 
little genus Adoxa is included in this Oder. 


KtJBIACKyK. Tiik Madder Ordeu. 

Coh, Hubiales, Benth. et Hook, 

Dminom.—Uerh^, shrubs, or trees, with opposite entire leaves con- 
necUjd by interposed stipules, or in r»*al or ajuiarent wliorls with stipules 
rescmhliug the leaves ; the calyx adherent to the 2-4-celhHl ovary ; the 
stamens as many as the lubes (fl-5) of tin; regular opigynuus corolla^ and 
springing from Its tube ; ovules anatropal; embijro peirispermic. 

Charactar% 

Thalamus concave, togolher with the calyx tube adherent to the 
ovary. Cahfx limb entire or 4-C-toot^ sometimes obsolete. 
Corolla symiK'taloiiB, regular, with a long tube, or rotate, its seg- 
ments equal in number to the teeth of the calyx. Stamen 
usually equal in numlior to the lobes of the corollai and attached 
in one line upon it, alternately with them. Ovanj inferior, 
usually 2-celled, with an epigynous disk ; stpU single, sometimes 
slightly divided; stigmas united or divided; ovules solitary, 2 or 
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many in each cell. Fruit splitting into two dry cocci, or inde- 
his(Hiiit, and then dry and succulent, 2-colled, 2- or many-secded; 
seeds, it* d«‘liiiit(>, erect or ascending, or numerous on axile pla- 
centas ; embryo in horny perispenn. 


Fig. 301. 



Itubiu : a, flowor.nat. fiisf*, Rhowini' ofmnhffi rnlyT, i^iuopetalouB 
corolla, &c.; A, ii4*L'tum of t)u> ilowiT. 


T LT.rSTn ATI VE G ENEE A . 

By Bontham and Hooker tin* immense Order Uiibiarom is divided into 
twority-hve tribes, whicli latter are grouped into seiies and subsories as 
follows: — 

8 10 II I KS I . Omiles i n (Irfhute. 

8ub-e.ries 1. Fruit dri/, rupsufur, or indvhiscont. 

Tribes — Nniicleie, ririchoiiea*, HenriijU(‘zie,T, roiidaminem, Bon- 
deleliene, 1 ledyotidea*. 

Suhseries 2. Fruit fleshp or coriuce(m% indrhiscenf. 

Tribes — Mussmndnre, Ilamelieje, C/atesbajeic, ( birdeiiiem. 

Series T1. Ovules ffemwate in each cell. 

Tribi's — ( bufkshaTllcaijjw, Betiiiiphyllere, 

Series 111. Ovules solUartf ifi 'each cell, 

Sub'series 1. Jiadicle superior. 

Tribes — (Tiiettardeai, KiiQxieiPB, Cliiocoeeom, Albertem, Vangiicriew. 

Subsfiries 2. Madicle in ferior. 

Tribes — Ixorero, ‘Mbrindem, (kmssarea*, I’sychotricro, Pcedisrieaj, 
Anthospermaj^ Spenmicorea^, (laliom. 

The distinctions beU’^eu the Tribes nre founded on the iestivati«i .of 
the corolla, the winged Q^Bot winged scimIs, tlie nature of the inflorescence, 
and of the fruit, &c. 

AfflnltloB, Ike. — The RiiliiacerR are often dirided into two Orders, Cincho- 
nacefo and Galiaccro, or Stellntm, the latter including all the genera with 
large foliflceous stipules, or, ns they arc termed, whorled leaves: the distinc- 
tion dc»es not appear to be sufficient. The presence of interpetiolar stipules, 
eiflier small or imitating loaves, is the principal character separating this 
Order from Caprifoliaceie, where, however, Bindley observes tliat they 
sometimes occur os monstrous growths. This Order 'also ruus very clo^e 
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to Tjo^nuiacero, bei.’ifr chiefly diHlinpriiishod by its inferior ovarj^; llie 
Tiiiicetc thus couiifjct it witli tJentianacesiJ and tin* allied (\^rolliflorjil Ordc‘rs. 
The fruits of the Gidirfy and of 8(»iue of tho Coffete, nearly relate tlonn 
to the IJmhelliferie ; from which, however, they may he at once known 
hv the gftinopetalous corolla. Opernthriaf an nhemiiit genus with n 1- 
celled, l-seeded ovary, connects the Order with Dipsaccjo; und tho inflo- 
rescence of Homo kinds, as Ccphalanthm^ Hichardsonuif Jtc., n])pronchestho 
condition of tho capitula of that Order and of Coinposilro; wfliilo in 
AryijntphyUum the stamens arc syngonesicnis. 

Distribution. — This is one of tho largest Orders. The SfcUafen or (htlmc 
belong to the cool parts of the NortJierii heniis|ihen* mid the mountains 
of Ihe Southern. J ho Cojfetr and CimdioHvce mo chiefly natives of warm 
climates, most of them tropical. 

Qualities and Uses.— The Itnbiacere form a very extensive group, and 
include plants witli a considerable diver.-^ity ol‘ proportitw. Some aro 
emetic and puiyativo ; others febrifuge and tonic ; others stimulant and 
restorative; some are astringent; a fcw' haw edible fruits; some yield 
valuable dye-stufls; and fragrant or showy flowers abound in tin* Order. 
Among the powerfully enu'tic plants are the Tjuicacuan, tho oflicinal suh- 
stanco being the creeping rhizome of Cfphaehs Ipecucttattha. pHychoiria 
emeiica fiu’iiishos a spurious kind called hinek or streaked l})ccacunn. 
iKirhartUonia scahra and c/nc//Vv/ vicld white false Ij)(‘i‘aciiaM. Chwcutra 
(lenHifolin (Oahiiica root) and C. myuifitya similar properties, which 
are sliared by the genera Spermucoec^ ^oneftin^ ke. Most of tin! ahoxe 
plants belong to Jlrazil. The two species of i^iiovocva above named aro 
regarded as specifics against snake-bites; tlndr emetic and jiiirgative 
action is described as ('Xcos.>.iv’ely powerful. Some spc'cies of (hpharlis 
and Pnychotria are still more active, and are used ns poisons for rats and 
mice in Brazil. (\)flee consists of the seeds of (hfjfht arahiva, (wo of 
whi< h aro pro<hiced in a .succulent Ik-rry. It is hclicvi^d to bo a native of 
Abyssinia, perJinps also of Arabia, but is now widelv dilFiwod in culliwi- 
tioi'i in tlie h’ust and West Indies and Brazil. Liberian Coffee i.s a native 
of W'esteiTi Africa. The fruits of Galium are eeid to bear some resem- 
blance tf» Coffl'e when roasted. » 

Cinchema, Peruvian or .fosuits* bark, ifl derived from several trees 
natives of the slopes of the Andes, at an elevation of about 7000-8000 f«*ct, 
and many of which are now cultivated in India. The rosenrche.sof WjmI- 
dell, Howard, and others have detcrmimid the source of most of the, kinds. 
Cinchona Cri/zw/ya gives Yellow or Calisaya ba^k mtermthra, Bed bark; 
C. nitida and mwrafdhUf Grey or Iluanaco bark; C,pmda/rnin4^4 (var. rern ), 
Crown or Loxa bark. The bark of variuu^,jjifeiM,^of ijJros/cwimr/ is 
knwn as false Cinchona. Spocies of limdelciiay 

CouUirea, &c. have similar properties. ' of the leaves of 

Uncaria Gamhir is a powerful Hstringont, Icnd^iUm aa (lamheer among 
the Malays, and supposed to furnish part of the Catechu of commerce. 

Among the fruits may he mentioned those of Geuipa (Brazil and Mada- 
gascar), Sarcocephalm eMulmtuBy the Sierra I^eone Peach, &c. The berries 
of some Coproama* are eaten in Australia, and are called Native Currants. 

Of the dyes, Madder, the roots of Pnltia tinctorum (Kurope), R. cor^ 
difolia, Munjeeth (BengaO, iJ. ReWoun (ChinaJ, and R. auf/uatmhna are 
the most importtuit Oldenkmdia wnheHatay used instead of Madder in 
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tho East Tiuliofl ; species of Mnriiulny Psyohotriaj Gmipn^ Condaminea, &c. 
arc of le.ss iaiportariou. Guetlarda npecium furnishes what is called by 
cabinet- makoVwS “ Ztibra-wi>od,'* from the West Indies. 

Among the genera noticed .in tho list above are found many^of our 
fovourite stovo-ulants, nolod, li]te Gardenia^ for fragrance, or, like Ixora^ 
for their splendia blossoms and liandsoino foliage. Many species of Galium 
are common weeds with us, rekdUy known by their star-like whorls of 
leaves and stipules. 

o 

VALERI AN ACE/E (the Valerian Order) consists of herbs with 
opposite aiuiple or compound loaves and no stipules; the tube of the 
llowBi- adherent to the ovary, which latter lias 1 fertile and 2 abortive or 
empty colls; the limb of tho calyx is obsolete or forms a pappus ; corolla 
epigynous, tubular, Ji O-lobt^d (lobes imbricate), sometimes spurred at the 
base ; staimms 1-5, distinct, fewer than the teeth of tho corolla, attached 
to its tube, iiltemate with tho lobes ; seeds solitary, in the fertile coll of 
the dry, indohiscent, sometimes pappose fruit, pendulous, aperispermic ; 
radicle siiperit)r. — Illustrative Genera : jPtWm, Mccnch; Centranthm, DC.; 
ValvnauUf Neck. 

Affinities, Ac.— This Order approaches Dipsacem in general Btructin*e, 
tometimes Jiaving iiivolucrate inlloresceiice ; lienco it is also related to 
Composite, Cauipauiilace®, &c. ; but the peculiar striicturo of the ovary 
is a very marked character, and the seed of Dipsacem is perispermic. Tho 
development and unrolliujj of tlic pappus of Cmtrantimsmd others, during 
the ripening of the fruit, is very singular : the corolla is sjiirroundod by a 
thickened nng, which subsequently enlarges and expands into a crown of 
fciathery processes. 

Distribution. — An extensive Order, tho members of which are distributed 
throughout tho teiuperato parts of Europe, Asia, and America. 

Qualitios and Usos. — Many of the plants have strong aromatic properties, 
wlioiic<< they are used as autispasuiodic and tonic remedies. Valeriana 
oJfieinalUj iV/a, ceUicaj and tkdiunca are all used ; V. sMwnsis, from 
Russian America, is said to bo the most powerful. NardustachifsJatninansi 
(India) is suppo^-ed to bo tliQ ondeiit Spikenard. Fvdia or Vaienanella 
oUtoria is cultivated for salad, under the name of Lamb’s Lettuce. CV/i- 
tranthna rid)er^ a showy plant, with abundant cymes of small rose- 
coloured tlowei's, is Ibuud iu most gai-dens, and is naturalized iu Kent. 

DIPSACE/E (the ScAiuop* Order) is composed of herbs with 
opposite or wborled leaves, no ^pules; the flowers* in dense heads sur- 
rounded by ail involucre as in Compositre ; the separate florets surrounded 
by speciarmembranouS involucels ; calyx adhni*ent, limb scaly or pappose; 
corolla epigynouM, tubular, mostly irregular, 4-5-lobed, inserted on the 
calyx, imbricated in sestivation; stamens 4, sometimes half-barren, 
attached to the tube of the corolla; anthers distinct; ovary 1-celled, 
with 1 pendulous ovule, simple stvle and stigma ; fruit indehiscent ; seed 
perispermic ; radicle superior. — Illustrative Genera : Dipaacusj Touruef. ; 
Scabiosaf Rom. et Schult. 

Affinities, Ao. — ^Nearly related to Valerionacem on one hand, and to Com- 
posite on the other ; distinguished from both by its involucels and peri- 
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spermic seed ; from Oompositm especially by the distinct anthers and 
pendulous seed. 

Distribution. — The species number about 120, and are found most 
abundantly in Southern Europe and North and South Africa. None are 
American. 

Q^ities and Ums. — ^Some are said to be astringent. The Teazel 
(lyipsacfM fuUonnm)j a largo Tbistli^-liko plant, is of great importance, its 
dried capitula being u$^d to comb up the nap on cloth, the hooked bracts 
not tearing the stuff like metal instruments. Many species of ScaUosa 
(Scabiou^ are cultivated for their beauty ; two smtill-flowered species arc 
natives of Britain. 

CAi.YCPmACKJE are a small Order of South-Amorican plants, interme- 
diate between Dipsacem and Compositjc, having the pendulous perispermic 
seed of the former, and anthers coherent below and free above, so as tn 
approach the syngenesious character of the latter Order. Properties un- 
known. — Genera : Boopis, J uas. ; Calycera^ Oav. 


COMPOSITE. 

Coh, Com posi tales, Benth, et Hook. 

Diagnosis . — Herbs or shrubs ; the flowers in denso bends 
(capitula) upon a common receptacle surrounded by an involucre ; 
stamens 5 (rarely 4), springing from the corolla, filaments free ; 
anthers coherent into a tube surrounding the stylo (syngenesious); 
ovary inferior, 1-ceIled, with i erect ovule ; seed aperispermic. 

Character. 

Capitula at the extremity of an enlarged peduncle surrounded by 
an involucre of bracts, and bearing perfect and imperfect Jlorets 
closely packed, all similar, or of two kinds, those of the centre 
or disk and «those of the circumference or ray ; fiorets often 
accompanied by membranous scale-like bracts (palece). Calya: 


Fig. 392. Fig. 393. Fig. 394. 



Fig. .392. Beceptaole of the Daisy with the florets removed. 

Fig. 393. Beoeptacle of Dandelion with the florets removed; braets of the involnere reflezed. 
Fig. 394. Linear atigniM of Oompoaite. 
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Fig. 395. Section of a capitnlum of a Compomto plant with palcn at the base of the central 
tubular und of the marginal hgulato florrts. 

rig. M9A. Section of an empty capituTum of a Cuinpoaito iilnnt with a paleaoeouB receptacle. 

T ig. 397. Tubular floret, Ine piipima is scaly. 

] ig. 398. Ligulate floret. Pappus scaly. 

Fig. 399. Syngenesious anthers and styles of Gompositie : a, in the natural position ; b, the 
tube of anthers opened, 

adherent ; limb obsolete, entire, or replaced by a circle of 
scales, bristles, or feathered or siinplci hairs {pappus), which is 
often persistent. Corolla syiiijietalous, epjgynous (fig. 397) 
and funnel-shaped, or ligulate (lig. 398), or bilabiate. Stamms 
•5, altornato with the teeth of the corolla ; Jilaments distinct ; 
anthers cohering into a tube round the style (fig, 399). ^vary 
inferior, 1-celled, with I erect ovule ; style simple below, bilid at 
the apex, with a distinct stigmatic surface on each branch (tigs. 
394, 399). Fruit a “ cypsela ” (tigs. 400-402), indehiscent, with 
^ 1 erect aperispermic seed^ often crowned by the pappus. 

This extensive Order is divided into three Suborders. 

1. Ttjbttliflob.®. Florets all tubular and perfect, or only those 
of the centre (dUik) perfect, while those of the circumference are 
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tubular or figulate, and female or neuter. — 2. LABiATiTLOBifi:. 
Florets with bilabiate corollas, perfect or unisexual. — .*3. Liguli- 
FlOBAi. Florets all b'gulato and perfect ; juice milky. 


Jig. 400. Fig. 402. 



Fijfs. 'l00-d02. Fruita of CninpoHitip siirmoiintiHl 1)3' Iho pii.|>pi]a. In fl;;. 400ilic calyx-tiibo is 
iihovo the fruit in the. shape uf u '‘brok." (Fi^. 402, vertiuul sec- 
tion, showing the ereet seed.) 


Illustrative CS knera. 

Bv Bentham the Composites are divided into thirteoen tribes: — 
I. Veruoniem. 11. Eupatoriejc. HI. Asteroith'.’e. IV. Inuloidcm. V. 

1 loliantboideo). VI. 1 releniuidcjo. VI 1. Aiith<*inido{ 0 . VI IF. Senooio- 
nidojo. IX. Calondul(‘m. X. Arctotidoje. XI. (’ynaroidete. XII. 
Mutisiacem. XIII. Ciclioracea*. 

These tribes are Ibnnded upon the uni- or bisexual character of the 
florets in each head, the form of the florets (tubular, ligulate, &c.), the form 
of the antJiers and of the projectioas from their base and apex respectively, 
the form of the style and stijnnns, the nature of the pappus, &c. The fol- 
lowing genera may he taken as repres(‘iilaliM*s of i1h 3 above tribes : — 

I. V^vnionia, II. Jilvfniiorium. III. A^ter. IV. Inuht. V. Ifflian- 
thivi. VI. Tatfctvs, VII. Anf henna. \'lll. Srnenn. IX. Calendtila, 
X. Arctotis. XI. Cardtats. XIL Mntma, XIII. Taraxacum, 

Affinities, Ac. — This Order, which is the most numerous, and, by some 
authors, regarded as the most perfect in the V''egetable Kingdom, is like- 
wise very natural, its distinguishing features being very evidimt in almost 
every genus. From its ueni-est allies, I)i]»8ac#*fe and ( 'alyceraceai, it may 
be distinguished by the condition of the anthers and the ovule. Tluj 
syngenesious condition, and, in some ujeasure, the general structure of the 
llQBIits, ligiilato and tubular, indicate a near relation also to Lobeliaceae 
and Caiiipanulaceas, wherein, however, the flowers are not only large and 
scattered, but the ovaries have more than one cell, with many seeds in 
each cell. ^ ^ ^ 

The floral formula is | S5? P5 A6 G2, but the nature of the calyx 
and pappus is undetermined. Two dilFereiit views are held as to the 
noliire of the pappus. Some (as Lund, Treiih, Buchenau) look on it as 
truly a modified calyx : Warming considers it in the light of trichomes 
or hairs having no definite position or order. Ilofmeistor regards the 
pappus of Composites, Valeriauacem^ and Dipsacem os a whorl of leafy 
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formations^ and consldors it probable that each hair is the representative 
of a leaf. In tlie development, however, the corolla precedes the calyx, 
wliich is often represented by a mere rim, so as to render it doubtful 
whether a true calyx -limb really exists. 

The subdivisions of this Order aro differently fjfiven by different authors. 
The most recent revision is that of Benthain above cited. The Orders of 
the Linnean Class Synj^enosia correspond to Compositea. Tubulifloroo, 
as above given, include the Corymbiferse of some authors, in which the 
style of the perfect tiow^TS is not swollen bek»w J.ho stigma, and the 
Cyimrea}, where the outer florets are often neuter and the style is swollen 
below the stigmas. The tribes of the Composite established by Oo Can- 
dolle depend on the condition of the style and its stigmatic lobes. Tlie 
characters of t he genera are chiefly derived from the conditions of the 
involucre, tlie cypselous fruit, and the pappus. 

Distribution. — The species are more numerous than those of any other 
family, more than ten thousand being known, and are universally distri- 
buted, forming one €‘igliih of the Ifliaiierogamia of (Central Miiropej the 
ruhdiflora aro most abundant in hot climates, the Cirhorace^ in (lold. 
The Lah{atiflor(f‘ belong almost entirely to extratropical Rouih America, 
In the nortliern heinispluTe llu' (^oiuposilaj are all herbaceous; in South 
America and some other parts of the southern hemisphere tlmy ore some- 
times shrubby. Fossil Composites are first found in the Upper Miocene 
beds (Haportaj. 

Qualities and Uses.— 'Tlic plants of this Order are not generally charac- 
lerizod by any very powerful properties: bitterness is the prevailing 
quality, accompanied by artmiatic secretions in the C</ryntbifer^, and by 
a specif lactescent juice in the CichoraceeBy which often contains a more 
or less active narcotic principle. 

Among Coi'ynihiftrfe may be noticed a number of genera possessing 
considerable importance, 'fhe AHemwuPy or Wormwoods, are numerous ; 
A, Ahmithium and;>w*f*c« are Wormwoods proper, and with some other 
species are used not only as anthelmintics, ns thoir name indi(*atos, but for 
pnmaringthe bitter liqueurs Absinthe or Vermuth ; A» Dramnmlm 
IS the Tarragon, the loaves of which aro used in salads and pickles ; A, 
Ahrotanum is Garden Southernwood, used also for its bitter flavour. 
Most of the other species have similar properties ; the flower-beads of 
A, Contra^ Sieherif paucifiora, Vakliana, &c. are known on the Coutinent, 
under the name of Semen Cinie or Semen Contra, as powerful vermifuges. 
A. chinenm furnishes Moxa. Anthemis nohiliSy the Camomile, Matricaria 
Chamomillay and Vyreihrum Tarihmiwn are valued for aromatic bitter 
and tonic properties ; the sp(*cies of Achillea are astringent, or in some 
cases pun^nt, which is still more the case with Anacyclm Pyrethry/my 
called Pellitory of Spain, and A. officinaruniy the dried roots of which 
provoke an active flow of saliva, and are used as a remedy for toothache : 
in a fresh state these roots are acrid ; and this is still more the case with 
Mqruta fcBtida, ^ Arnica montanay a plant of the mountains of Central 
Europe, is narcotic-acrid and poisonous, except in small doses ; its tincture 
has a powerful influence in exciting the circulation beneath the skin with- 
out producing vesication. Dormicum PardaliancheB is said to have similar 
proj^rties, as also some species of In%ila \ Inula Kclmiurn however, is 
merely aromatic and tonic ; it is known under the name of Mecampane. 
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Somo BpecioH of Eupatorium, locluding^ our MK^iiniii' i i 

(^metic and purgative; E, Ayapana (Krazil) has a repiitotioneffv^ 
and internal application for snake-bites. Matico is said to be obtained 
from E, fflutinosum, though most of it is thn produce of Artanthe elmitjuia^ 
a IMperaceuiis plant ; its leaves are used as a styptic. 

The seeds of some of the Corymhifer<p contain much fixed oil. The 
seeds of the Sunflower (Helianthm annmis) are well known on this 
aiccouut; and Madia^ativa (Chili) has become nii object of cultivation in 
France and Gt^rmany for the sake of the oil expre>aed from its seeds, its 
“ oil-cake ” being also valuable for cattle. TJie O'^eulent tubers called 
Jerusalem or Gira^mlo Artichokes are fuiuished by Jldianihns tuberoiiitt>\ 
tlie analogous tubers of the Dahlia (Dahlia variahili%) are not available in 
this way on account of a strtmg and unplea'^ant flavour which exists in 
them. Tumlayo Farfara, or (Coltsfoot, which is mucilaginous and bitter, 
was formerly in I'epute for aflections of the chest. 

TJie Oynarecr^ oi thistle-like (’‘omposita*, aie equally varied in tlio 
concentration of their qualities. The loot of Carhiia acaulm is said to bo 
a violent purgative, andthat of C. gummiftra is kuoWij as an anllielminlic. 
The lluruock {Arrlutm Lappa)y the Marigold (CaUiidula iifficmahs)^ Ctn^ 
taurea Calutrapuy and other allied plants Wi*n* formerly esteemed as febri- 
tuges, diuretics, and alteratives, but have ;>one otit of use. The (\)stus, 
celebrated by the ancients for its virtues, is supposed to be the root of 
Atallaiuha cas<i/.s (('‘nshmere). CVirMi/ww/s Safflower, is used 
in dyeing and in the manufacture of true rouge ; the flowers of Calendula 
officinalis aieiwed to adulteiste SnIFron. Serratvla Imdoria is also used 
in dyeing jtdlow and green. The Globe Artiehoke is the fleshy receptacle, 
with its bracts, of Cpiara Scolymus', (\udoons are the blanched stems 
and petioles tif (\/nara Cardmv ulm. 

The Labiatifiom are sometimes aromatic, bitter, or mucilaginous. The 
leaves of Vrintzia aroniatica are used as a Teaal the (Vpe of Good Hope ; 
t]u)ae of Anandria di^coulea are used by the Chinese as th(» Coltsfoot is in 
Furope. 

The Cuhoraceep include several plants of note : the difTerent kinds of 
Lettuce, Lactuca virosa, iicariitlay saliva (the (xsirden Lettuce), contain a 
milky juice which has narcotic properties ; when evaporated to dryness it 
forms a kind of gum, called hv (Irnggists Lac1u(*ariuni, which is r)cca''ion- 
ally used as a sedative. The Gaiden la ttius* loses much of its bilteriiess, 
and, at the same time, of its narcotic propeilies, in cultivation. The 
Dandelion, Jjettn$odtm Tarajacutn (or Taraiantm Dens Leimis)y has also a 
milky juice, which is valued for its medicinal properties as a diuretic and 
alterative, with some sedative qualities ; •its roots, and still more those of 
Chic#ry or Succory (Ihehorium Intgbus)^ are useil, roasted, to adulterate 
coflee. Desides the Lettm-e we have olher esculent vegetables in this 
Suborder : Cichonum Endioium furnishes the Salad Endive (blanched by 
exclusion of light) ; Scorzonora is the root of ficorzonera hispanicay other 
species of which are used in like manner in different countries ; Salsafy 
is tho root of Tragopogon parvifoliusy or GoatV-heard. 

The Compoeito) include a v ast number of cultivated plants. The Dahlia 
(7>. oariabilta)t the ChTysonthemuiu (PgrHhrum awictmc, itk/icmw), the 
Cinerarias (JSenecio cruentay Tumlaginisy Ileritien)^ the China Aster 
{CalUstemma hortenae) are floristV flowers remarkable for the number and 
beauty of their varieties. Tho Everlasting flowers, or ImnwrieUea^ are 
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mostly species of Gnaphalimn^ togpot her with Jlelichrymm, Aphekxisy 8 lg. 
Our native Thistles are species of CarduuSy Onoporduniy &c. 

JjORELlAOKyE are herbs or shrubs with a milky juice, alternate 
leaves, and scattered flowers; corolla irregriilar, epigynous, sympetalous, 
split down to the base on one side ; the 5 slamens free from the corolla 
and united into a tube, often by their tilameiits, and always by their 
anthers; ovary inferior, 1 -*‘l-cclle"d ; stylo 1; stigma^ 2-lipped, surrounded 
bv n fringe of Iniirs ; seeds uiimerous, perispermic. — Illustrative Genera : 
Lobelia^ L. ; SiphorampphtSj l*ohl. 

Affinities, Ac. — The relations of this Order to Ooniposita> arc close, as is 
seen when we compare tlui flowers with ligiilate florols of the Civhnracoat: 
the structure of the ovniy, however, os well as of the inflorescence, divides 
them. With Campiinulacem, under which order tliev are included as a 
ti'ibo by Heritham and Hooker, they are connect(*d tbrough the tubular 
florets of t'ompositae, which resemble the flowers of Camp{inulace;e, except 
in the structure of the ovaiy, W'hich brings the Campaniilace:e still nearer 
to liObcliacea*. Tim fringe round the stigma is afuilogous to the hairs of 
the stylo of Campanuljici'm, and perhaps also to the indiisiiim of Goode- 
niacen>. Some Tjoh-liaeea^ have their petals distinct, and Monopsu has 
the flower nearly regular. 

Distribution. — A riilhnr largo Order, the mcmb(irs of which are chiefly 
distributed throughout tropical and subtropicjal regions. 

Qualities and Uses. —The milky juice is iw;ro-iiarcotic ; the species of 
Lobelia are more or less poisonous, producing effects analogous to those of 
Tobacco. Lobelia inflatxi is used in small doses for spasmodic asthma ; it 
acts sometimes a^ an emetic, but produces great dt'pression of the pulse, 
perspiration, and, in large do^es, death. Most of the species are acrid when 
fresh ; X. urms produces vesication of the skin. Tiqia Fenillei (Chili) 
yields a violent poison. lautoma hngijlora is vesicatory, and, taken in- 
ternally, produces death frt)m violent and uncontrollable purging. The 
milky juices contain (.^aoutchnuc. Many species of liohelia and Siphocam- 
pylm are cultivated for their showy flowers. 

Goodeniace.® con.situto an Order of plants allied to the Loheliacem, 
the Stylidiaceae, and the (yampanulnceae ; but especially distinguished by 
the remarkable slriicturo of the upper part of the stylo, "which is expanded 
into a kind of cup or purse, concealing within it the stigmatic surface, and 
closing over the pollen after fertilization. — Mo.st of the Goodeiiiace® are 
Australian and Polynesian ; a Soferoln occurs in North-western India and 
in Africa; another genus, •Sellif'ra^ is South-American. Their progerties 
are unimportant. J^escheimullia formnwy C€e7td-ea^ and other species are 
cultivated on account of the heai'ity of their flowers. 

Brunoniace^, consisting of two species of Xnrnowm, Australian plants, 
agree with Goodeuiacete in the structure of the style, but axe sometimes 
separated from them on account of the superior position of the ovary. 
Their capitulous inflorescence approaches that of C^mpositm. They have 
no known properties. 

Stylidiacka^ constitute a small Order of plants related to the Goode- 
niacese and the Campanulaccao, but are distinguished by and remarkable 
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for the gynandrous structure of the flowers, the filaments being adherent 
to the style into a column surmounted by the anthers which overlie the 
stigma. This column exhibits the irritability met with here and there in 
Flowering Plants : in Stylidium it hangs over on one side of the flower ; 
but when touched it rises up and springs over to the opposite side, at 
the same time opening its anthers ana scattering the pollen. — The JStylidia 
are chietly from Australia; a few others are scattered in the East Indies; 
the Forsier^e belong to New Zealand and the Straits of Magellan. They 
have no known properties. 

CAMPANULACEiE. Bell-flowees. 

Co?i. Campanules^ BerUh, et Hook. 

Diaynosin , — Herbs with a milky juice, alternate leaves, and 
mostly scattered flowers ; calyx adherent to the ovary ; corolla 
regular, ej)igynous, bell-shaped, valvate in aestivation; stamens 5, 
free from the corolla, mostly distinct or coherent just below the 
base of the distinct anthers; ovary 2-»5-celIed; style 1, hairy; 
stigma simple or lobed ; capsule many-seoded, dehiscent by lateral 
orilices or vailves at the top ; seeds with flesliy perisperm. — Illus- 
trative Genera : Jadone, ii. ; Campanula^ L, 

Afflnltiefl, iio. — The Catnpanulacemare divided by Bontham and Hooker 
into three tribes : — 1. Lohehea^ here treated as a distinct Order, and having 
irregular flowers and syngeiiesious anthers; 2. Cijithieas^ with irregular 
flowers and free anthers ; and Jl. Camimnukte^ with regular fiowers and 
usually free autii(;rs. TJiey have many points of agreement with the 
Ooinpositse, the fiowers resembling the tubular florets of that Order 
in the corolla, inferior position of the ovary, and number and position of 
the stamens ; but tho anthers are distinct or only united at the base, and 
the ovary is more than 1 -celled and contains many seeds ; in Jasume and 
Phyteuma the flowers arc in capitula, almost like those of Oompositae. 
They are only separated from J^obelim^ea by tho regularity of their 
flowers, tho globular (not elliptical) pollen-grains, and the peculiar hairs 
of the style ; which points of structure likewise separate them from Goo- 
deniaceae and Htylidiacece. On the other hand they approach VticcinieeB^ 
from which they differ in the number of the stameus and their porous 
dehiscence, the style, and the habit. In Cyctocodon the tube of the 
corolla is adherent to the ovary (superiqr), while the calyx is inferior I 

Btotrlbatlon. — A largo Order, the members of which belong mostly to 
the temperate parts of the Northern hemisphere. 

Qualities and Uses. — ^Tbe milky juice has properties analogous to that 
of the Compositae, and is sometimes rather acrid; but the young roots and 
shoots, especially when cultivated, are often edible ; llarapions are the 
roots of (jampanula liapunculm ; SpeculaHa Speetdum and other species 
have been used in iialads. I'he Campantdas^ commonly known as Canter- 
bury Bells, Hair-bells, &c., are numerous in cultivation ; and other genera 
have also handsome flowers. ^ 
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Scries 2. SufeBjE. 

OvJiry usually superior (inferior in Vaccmiea^). 


ERICACIL®. The Heath Obdeb. 

Coh. Kricales, Btnilu et Hook. 

Diaijnons , — Shrubs or sometinies herbs, w ith regular or nearly 
rc'gnlar flowers ; corolla gamo- or poly- 

petiilous, hypogynous or epigynous( Ff/c- 404, Fig. 406. 

ciniece ) ; stanieiis as many or twice as 
maTiy as the petals of the 4-5-lobed or 
4~5-])otalous corol la, free from the corolla, 
hypogynous or epigynous ; anthers 2- 
celled, commonly with appendages, and 
ojKining by termimil chinks or pores 
(ligs. 404, 406); stylo 1 ; ovary i.i-10- 
ccllcd; seeds small, anatropous ; embryo 
small or minute, in fleshy perispemi. 



Fijif. 40!^. Flower of i?r£iJO. 

Fig. 404. Stamen of Krica. 

Fig. Stamen of Vaccinium. 


The Ericaoem an? divisible into four 
very distinct Suborders, which are some- 
times ranked as Orders: - 

1. VACOIN 1 E.E. Shrubb>\ or more or less w oody herbs, with an 
adherent calyx, sympetalous epigynous corolla, epigynous stamens, 
2-part ed anthers opening by pores, containing 4-nate pollen-grains; 
the inferior ovary becoming a berry surmounted by the teeth of the 
calyx. — 2. Erictxe.is. Hlirubs or small trees, with a fn^e calyx ; 
a sympetalous or polypcdalous corolla springing with the stamens 
from the receipt ado ; anthers opening by pores. — PvBOLEiE. 
Woody herbs with evergreen foliage ; calyx free ; corolla of 5 
distinct hypogynous petals ; stamens hypogynous ; anthers porous; 
seeds with a loose celhilnr testa and minute nucleus. — 4. Mono- 
TBOPEvE. Fleshy hcrb.«* with scale-like leaves, destitute of green 
colour ; calyx free ; corolla sym- or dialypetalous ; stamens hypo- 
gynouB ; pollen simple. 

Illustrative Genera, 


Suborder I. Vacctnik.t:. Oxycoccu.'^, Tuurnvf , ; Vaccinium, i. 
Suborder 11. Ebjcink.*:. 

Tribe 1. Arbutf,^. Corolla deciduous. Fruit succulent. Evergreen shmhs. 
Arbutus, Toum. 

^ Tribe 2. Anukomepeas. Corolla deciduous. Capsule loctdiddal. Shrubs 
with persistent leaves. Ihids usually scaly. Andromed4, L. 

Tribe 6. Ericeas. Corolla 2icrsistenty often ^rmerous. Fruii not cap^ 
sular. Buds 7iot icaly. Erica, L. 
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Tribe 4. RHOi^OiiEiE. Cwolla dedduom. Fruit capsudar^ sopticidal. Buds 
acalyy cone-W^, Azalea, L , ; Khododeudron, L, j Ledum, L, 

Suborder III. Pyiiolkjm. Cliimaphila, Pursh ; Pyrola, Tounitf, 

Suborder IV. Monotropkje. Monotropa, Nutt , ; Schweinitzia, lUil . ; 
Pterospora, Nutt, 

Affinities, Aik — ^The general floral formula is S 6 P 6 A 5 6 11 6, but in 

Vaccink*cp it is | S 1’ 5 A O 6. The Suborders are connected by the 
prenoral plan of structure; but the 'details are subject to wide variulioD, 
not only including sympetalous and dialypetalous conditions, but oven 
hypogynous and epigynous. By many authors these subdivisions are 
ranked as distinct (Jirdors. The Varcimcfry with their inferior ovary, 
stand, if separated, among the epi^nmous Orders, near Canipanulatieie or 
OinchonaccK! ; consequently they form a connecting link netween the 
Calyciflorals and Corolliflorals, indicating the artiticiality of this division ; 
they even appear relat('d to the p«‘rigyJions CHlyciflorals by EamlUmivts 
in Saxifragaceac. Tlie Ericinoie differ from the Vacciniorp principally in 
the superior ovary and hypogynous corolla ; and th(^ stamens are mu'e 
nearly if not quite hypogynous, which, with the many-colled ovary, 
divides them ftom (Teiitianiiceae and alli<5d f Orders. Tlie Ericinoat are 
nearly allied to the Epacridncejc ; but the latter have 1 -colled anthers. 
The PffrolefG have the sepals and petals more or less distinct, are more 
herbaceous in habit than the foregoing, and their seeds are remarkably 
diiferent ; P, apJii/llay a plant devoid of green colour, and with leaf-scales 
in place of leaves, connects tins Suborder with Monotrope(Py which, how- 
ever, differ in the dehisceuce of the anthm’s, and in having the minute 
embryo at the apex instead of at the base of the fleshy ])erisporm. Some 
doubt exists whether the last Suborder are really parasitical plants : they 
grow among the fibrils of the roots of trees, and have all the appearance 
of parasites, but may live on decaying vegetable matter. In hauit they 
resemble Orobauchacero ; but this is not a sign of affinity. 

Distribution.-- A large Order, the members o f which are generally diffused 
in temperate climates over heathy and boggy tracts, in aubalpine and 
alpine localities, all over the world —the Ithododandra eapeciidly in India, 
the Befarup in South America, and the Heaths at the Oape. 

QuolitleB and Uses. — The general character is astringency. The fniits of 
various Vacoinie€R and Erkete are edible — os tliose oiOxyvocc^tapatmtnHund 
O. marrocftrfM (the European and North- American Cranberries), Vacci^ 
(the Bilberry), V, Vitia-ldtBa (the Red Whortleberry), and 
V, uli^uoatim (the Black Whortleberry procumhenayd, hispida 
(Tasmania), &c. But others are dangerous or even narcotic poisons; and 
this extends to the foliage of such kinds, esjpeeially species of lihodo^ 
dmdrnny AznleUy Andro^neda, KalmtUy &e. llva-Ursi leaves {Arciostaphy- 
ha UvorUrai) arc mixed with Tobacco by the North- American Indians, 
and are esteemed as astringents ; those of some Pyrolemy as Chwtaphih 
umheUatay American Wintorgroen, are used as diuretics. Oil of Winter- 
green, known as an antisposmodic agent, and used in perfumery, is 
obtained from the fruit of GauUJieria prommbens, A yast number of 
species of ErioUj Ehododmdr&Uy Azalea^ &c., with numerous vaiieties and 



298 


SYSTEUA.TIO BOTANY. 


hybrids, are objects of cultivation on account of the peculiarity and 
beauty of their flowers. They especially constitute what are called 

American Plants’* by gardeners, the American Mhododandray AzaltcB^ and 
KalmUe, &c. being those which first strongly occupied the attention of 
florists. Some of the Ea.st-lndian Jthododendrons are epiphytes. 

EpACiiTDArjE^ are closely related to Ericaceae, but are distinguished 
by the one-celled anthers opening by a cliink ; the filaments are also 
commonly adherent to the corolla. The Order is dommonly divided into 
two 'Fribes : — 1. Styphelieas, with one ovule in each cell of the ovary, and 
fleshy fruits ; and 2. Epacreie, with numerous ovules in each cell of the 
ovary, and capsular fruit. They are peculiar to Australia, the Indian 
arcJiipelugo, and the South-S(*a Islands, <»ccurriiig in great abundance, in 
the same way as the Ericctc do at the Oape of (Jood llopo. *J*hey do not 
appi‘ar to possess an 3 Mictivo properties: many of them bear succulent 
berries ; and some of them are oaten, as those of Liat^anthe sapidUj Aatro- 
loma limnifumm^ the Tasmanian Oranberry, &:c. !Many of the Epacri- 
dacea) are in cultivation on account of the beauty of their flowers. 

I’LANTAGINACEyE are chiefly herbs with uiidoveloped stems and 
tufts of leaves spreading ninre or less on the ground ; flowers spiked, 
n'gnhir, 4-iiierouH, the 4 stamens attached to the tube of tlie hypogynous 
dry and membranous synipetalous corolla, altoriiating with its lobes ; 
the lilamonts long and slemler, und the antliers versatile ; ovary simple, 
but spuriously 2- or 4-cclled by temporary adhereuce of the angles of 
the free central placenta to the walls ; ovules 1, 2, or numerous, peltate; 
style and stigma simple, the latter rai*ely ch^h ; cap&ule membranous, 
dehisceiiee ciivMiuiscissile ; seeds 1, 2, or many, perispermic; the testa 
luucilugiiious. — Illustrative Gcmera: Littorcllay L. ; PiantaffOy L. 

AiBnities, &o. — This Order appears to find its nenrest relatives in Pluin- 
baginaceu; and Priinuhu;ejc, from wliicli, howtner, the position of the 
stamens, alternating with the lobes of the corolla, distinguishes it, in 
addition to other characters noticed under those Orders. The affinity 
to Auiaranthaceai and Chenopodincejc does not appear well made 
out. llaron von Mueller suggests an aflinity with Loganiada. In Lit^ 
tordla there is a tendency to abortion in one or other set of essential 
organs. 

Distribution. — A not very extensive group, the species of which are 
gouernlly diifusod, but moat abundant in temperate climates. 

Qualities and Uses. —The foliage is slightly bitter and astringent. The 
seeds of many species of PlaTUago, such as P. Psyllium yarmaritty CynopSy&c,f 
were much used formerly on the Continent, under the name of Semen 
Psyllii and S. Pulicaria), or Flea-seed, for making mucilaginous drinks like 
those prepared from linseed. The seeds called Ispaghulfe jare the product of 
Plantago decumhens ; the spikes of the fruit of 1\ major are much gathered 
in the green state under the name of Plantain, for feeding caged birds. 

^P. major y minor y and lanceolatuy called Plantains or Uoad- weeds, are 
among the commonest of our weeds on road-sides, in meadows, and all 
undisturbed ground where the soil is not very light. They are sometimes 
grown for sheep food. 
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PLUMBAQiNACEiE (the Thrift Order) consistfl of maritime or 
mountain herbs or under-shrubs, often with undeveloped stems and 
clustered leaves ; flowers regular, 5-merous, with n plaited calyx ; the 
r> stamens superposed to the separate petals or tho lobes of the sym- 
petalous corolla j the free ovary 1-celied, with a solitary ovule hang:ing 
from a long funiculus which arises from the base of tho cell ; styles h, 
rarely 3 or 4 ; fruit either utricular or dehiscent by valves above ; seed 
with a simple testa and little perisperm. — Illustrative Genera : /Statice, 
L. ; Plumhayoy Toumel*. 

Affinities, fto. — This Order is strongly cliaracterizod by tho peculiar at- 
tachment of its ovule : this, with tho numerous stylos, separates it from tho 
Primulaceto, which it approaches iu the position of tho stamens and sumo 
other points; the same characters, with the position of the stamens, distin- 
guish it from I'lautaginaceiie ; and these marks, with the plaited calyx, 
isolate it from all the other Corollidoral Orders, among whicli it claims 
a place in spite of tho occasionally dialypotalous or even aptitolous con- 
dition. 

Distribution. — A rather large gi*oup ; some kinds are found all over tlui 
world on the sca-shoru ; others arc more local in similar habitats, in 
salt-marshes and in saline steppes, while others, aguiu, belong to alpine 
regions. 

Qualities and Uses. — The properties are either bitter nud astringent, or 
acrid and caustic. Tho roots of IStatim caroliniana are powerfully astrin- 
gent ; those of Plumbat/o europceUf zeylauicay scimdem^ and others are very 
active blistering-agents when fresh ; that of 1\ eiiropa^a is used dried ns 
a remedy for toothache. P. toxicaria is said to furnish a poison iu 
Mozambique. The Garden Thrift {Armana vulyaris), commonly used for 
edging, like Box, is said to be an active diuretic : the dried flowers are 
used for this purpose. ISmall doses of the root of Plutnhaijo euntpeea are 
said to act as au emetic. The liowers of many of the Pluiubaginacem, 
especially species of IStaticcj are very handsome, and many are cultivated 
uu this account. 


PllIMULACEyE. Tub Phimrose Order. 

Coh, I’rimulalos, lienth, et llooh. 

Dicujnosis . — ^Herbs with opposite or alternate simple leaves and 
regular, perfect flowers ; the stamens as many as the lob^’s of the 
sympetalous (rai’cly dialypotalous) hy])ogynous corolla, and super- 
posed to them in tho tube ; oAwy 1-celled, with a free central 
placHsnta beaiiug numerous peiispermic seeds, a simple style, and a 
capitate stigmtf. 

Character, 

Thalamus flat or slightly convex. Calyx 5- or rarely 4-cleft, free 
or half-adherent, regular, persistent. Corolla hypogynous, sym- 
petalous, and the Umb regularly 5-, or rarely 4rcleft j or more 
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rarely composed of separate petals, or absent. Starnens equal in 
number to the petals or lobes of the corolla and adhpent to 
them ; or in apotalous flowers hypogynous and alternating with 
the teeth of the calyx. Ovary l-celled, with a free central pla- 
centa bearing many ovules ; style single ; stigma capitete. Frmt : 
a capsule opening by valves, more rarely circumscissile (fig. d06), 
manv-8eed<'d ; seeds peltate ; the embryo in jleshy perispenn. 

Fig. 407. 


Fig. 406. 


Capunlt* of AnaanlliH opening by 
cjrcuinauJusiU' dehiswiico. 



Polyo«t hna : st \mi*ns oxBi*rted, Btyte 

included; A Htyle (•xaeried, staunens 
included. (Seen in iieetion.) 



Illustkatio: Genkha. 

Tribe 1 . PniMULEiE. Ovary free ; capsule valvtdar ; hilum ventral, 
Priniiila, L, 

'rribc 2. ANAOAT.LTnK.E. Ovary free; capsule opening transversely; 
hilum mitral. Aiuigullifl, Tournefort. 

'Priho .’b TIottonieje. Orary free; capsule valvular: hUurn basilar, 
Afinatics. Ilottoiiia. 

Triho 4. Samoleje. Ovary semi^inferior ; capsule valvular; hUum 
basilar. Samoliis, L. 

Afllnltloii, ao.' — Tin's is an Order whifh strongly attracts the attention of 
Structural llotanists on account of the peculiarities and anomalies which 
it presents It is one of tlio.se in which the free central placenta is most 
distinctly seen, forming •an exception to the very general rule qf the 
placentas arising from the margins of the carpels. It seems to he truly 
axial in most cases, hut iu some monstrosities an appearance is presented 
as though the placentiferoiis lines were detached from the edges and 
surfaces of the carpels and reunited into a central column. In the next 
place the position of its stamens opposite or superposed to the petals is 
an exception to the rule of alternation of the organs of successive floral 
wliorls, explained by supposing an intermediate whoyl of ^ stamens to be 
suppressed (in favour of which may be cited the condition of Samokts, 
Lysiniachia ciliata, and othei's, where five teeth, which may be abortive 
stamens, alternate with the lobes of the corolla), or by the hypothesis 
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of choiisis, aocoi'din^ to which the atamens are outpowths from the 
petals. On the other hand, it has been urged that tho pettds are out- 
growths from the stomens and ara not autonomous organs, lu Snmthit 
we have the calyx partially adherent to the ovaiy. In some foreign 
genera tho petals are either nearly or quite distinct. In Trimtalis 
€urop€Da the lobes of the calyx, corolla, and the number of stamens vary 
from 6 to 0. In Ghux tho corolla is absent, and the calyx coloured. 

The ordinary floral fey mula would be ^ ^ | ^ 5 Saniohis 

|S6I^A5 + 5GB. 

The ndations to PUimbnginaceae are very close, both in the striictine and 
the habit of many kinds, as between .^?^^/ro.sflt•cand some and Ar- 

meria^ &e. ; but the solitary ovule of that family is a distinctive character. 
Tho Priuuilacefc are still nearer to the exotic Order My rsinaceie as regards 
the structure of the flowers ; but those are trees or shrubs with bony -like 
fruits, and have minor characters of distinction iiolioed uuder that Order. 
They approach Solanaceas in habit, but not in structure. 

Distribution. — A considerable family, the species of which are chiefly 
found ill temperate and cold parts of the Northern hemisphere, in alpine 
n^gioiis or on tho sea-shore when in lower latitudes. 

Qualities and Uses. — ^The Cowslip {Ih'tmtda veris) and other species 
appear to possess sedative properties. The ISoldanella* are slightly purga- 
tive. The Cyclamens have a fleshy tuber which is more or less acrid ; 
and Cyclamen etiropmim is said 1o he a drastic purgative. The most re- 
markable quality is perhaps the beauty of the flowers, for which a great 
number are cultivated, especially species of Primula^ which includes tho 
Cowslip, the Trimroso proper (/. vulyaris)^ the I^olyanthus, a garden 
variety of this, the Oxlip (P. elatior)^ the Auricula (r. Auricula, from 
the Alps), the Chinese Primrose (P, premitens), the Japan Primrose {P, 
japmica), &c. Many dwarf species of Primula and Androsace are ‘‘ alpine 
plants,” as is also Soldanclla. Olaux and Samolus belong to salt-marsnes ; 
Jlottmia to freshwater brooks, having fealheiy submerged leaves; the 
LynmachicB mostly grow in jdaces. Many of the genera ar** repn»- 
seuted in our native flora ; while Andromce^ Dodecatheon, and Soldanclla, 
which are mostly alpine plants, are commonly cultivated. 

Mybsinacejb are so closely related to Primiilacese in the structure of 
the flowers that no absolute character of distinction can be drawn thoitv 
from, since the imbedding of the ovules in the placenta, general here, 
occurs in sevoral Primulaceous genera, for example in Anayallin, ^ Jiut the 
MyrsinaceoB are of shrubby or tree-like habit, ai^ tlieir fruit is fleshy. 
They belong chiefly to the islands of the Southern nemisphere ; and some 
of them are cultivated in this country as evergreen shruM requiring pro- 
tection in winter. The seeds of some species of Theophranta and Myrsine 
are nutritious ; and the berries of some plants of the Order ore edible, 
although others are said to be cathartic. 

j^oicbback^ include a genus of plftnts nowing on sea-shores in the 
tropics, and rooting from the seed-vessels liae Rhizophoraceie, and con- 
sidered to form a mstinct Order by some writers. JEgiceras dilFers from 
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Myroinaccflo chiefly in havinj^ aperispermic seeds, a follicular fruit, and 
transverse dehiscence of the anthers. 

SAPOTACE.'f'I are trees or shrubs, mostly with a milky juice; leaves 
alteriiftto, simple and entire (leathery and often rusty-downy beneath) ; 
flowers smiill, rcprular and perfect, usually in axillary clusters; calyx free 
and persistent ; the fertile stamens cohinionly as ninny ns the lobes of the 
short hypofrynous corolla, and opposite to "them, attached to the tube 
alonfjf with one or iiionj rows of appendnpres and sftiiles or sterile stamens ; 
anthers extrorse ; ovary 4 -12-ceIl(Hl, with a single anatropous ovule in 
each cell ; seeds larp^e, usually porisperrnic. — Tllustmtive Genera : Chryso- 
phyllum, L. ; ImnandrOy Wight ; licmiay Kon. 

AfflniticN, &o. — Allied to Myrsinacem, but distinguished by the placen- 
tation, anatropal ovules, and other important characters, — also to the 
Ebennccjc, which they resemble in habit; but they have a milky juice, 
and Avood generally of a soft character ; oUior differences also exist in the 
perfect flowers, such os erect ovules, simple styles, &c. 

Distribution. — A. considerable group. Chiefly tropical: Asia, Africa, 
and America. 

Qualities and Uses.— The plants of this Order are valuable for succu- 
lent fruits, febrifuge bark, oleaginous 8ocr(‘<ions, and peculiar gum-rosins in 
tbo milky juices. Of the fruits, the Sapodilla Plum {Ach»'a% Sapota), 
the Marmalade (A. mnmmom), the Star-apple (Chrysopkyllum Camit(i)t 
and the Surinam Medlar (Mimmops Elenyi) are th(j most uoted. The 
bark of various species of Arhrns lias been used as a substibito for Cin- 
chona. 'fho fruits of hufyracea and li. hmyi folia yield a butter- 

like oil l.'irgely used in India; another species in Alrica is said to yield 
the Shea or Galam butter mentioned by travellers. Inmandm Guha is 
the tree from Avhich Gutta IVrcba is obtained, by evaporating tlie milky 
juice. The seeds of Aryania Sidvroxylon contain a valuable oil. 

h]HFiN ACE/E are trees or shrubs with alternate entire leaves, without 
milky juice; flowers regular, polygamous, with the calyx free from the 
3-12-cc‘lled ovary ; the slamens twice or four times as many os the lobes 
of the corolla, often in ])airs before them ; anthers intror.*^e ; fruit a sevcrnl- 
celled berry ; ovules 1 or 2, suspended from the summit of each ccdl ; 
seeds large, porispermic ; radicle superior. — Illustrative Genera : Moyenay 
L. ; DiospyroSy L. 

AfflnlttM, lie. — The Ebenaceas are distinguished from the Sapotaceas by 
several important diameters noted under that Order; on the other hand, 
they approach the Aquifoliacem in many points, but are separated by 
their strongly coherent floral envelopes, usually numerous stamens, and 
twin oviil(«, &c. To the Oleacero they are allied by the placentation and 
other points ; but the alternate loaves, more numerous stamens, and com- 
mttiily diclinous flowers afford very marked distinctions. The Styra- 
cacGffi are also very near to this Order, hut frequently have an adherent 
calyx, petals less coherent, and simple style with a capitate stigma. 

Distribution. — A considerable group, the members of which are dis- 
tributed mostly in tropical India, hut a few are scattered elsewhere. 
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Qualities and Usea — The principal property which has been noted in 
these plants is astringencv: but tliey are better known and far more 
important on account of tlieir hard and dark-coloured wood, the heart- 
wood of many species of Dioftpyros constituting Ebony : D. JSbt^hun yields 
it in Mauritius ; D. Melanoxylm on the Coromandel coast ; 1). JUbeuaster 
is the bfistnrd Ebony of Ceylon ; and 2). hirsuta has a variegated wood 
called Calamander. Other specie^ are also used. />. virymiam, a North- 
Americau species, bears the rruit called Persimmon or Date-pliim, which 
is astringent when ripe, but is oa^en after it has been aifected by frost. 
JJiospyroH Lotos (Europe) and D. Kaki (China) have also edible fruit. 

AQUlFOLIAChl/E or IUCACE.E (thr Holly Order) comprise 
trees or shrubs, with small axillary 4 (3-meroua dowers, sometimes dicli- 
nous by abortion ; a minute corolla free from the 4-(>-celled ovary and 
the 4-'0-seeded berry ; the stamens as many ns the divisions of the almost 
or quite divided 4-<»-petaloua imbricate con^lln, allernatc with them, 
attached to the very base ; ovary 2-()-colled; cells with 1 ovule; stigma 
almost sessile, lobed ; fruit succuh‘tit, with stones; seeds suspended, 
with copious lleshy perisperra ; radicle superior. — Illustrative (jlenera : Ikxj 
J-j. ; JVinoSf L. 

Affinities, ftOi — Theaflluiticsof AquifoliucetD toEbcnacem and Sapotocero 
have been noticed under those Orders. Home authors consider them re- 
lated to Rhamiiacea) or Celaslracen^ ; but their sympetalous corolla, 
want of disk, straight embryo, and their relations to Ebena(renp, as w^ell 
as the difference in the ovary and seeds, remove tli»*m from the immediate 
neighbourhood of those Orders. On the other hand, they exliibit some 
approach to LogaiiiaceoB and Apocynacoa). 

Distribution. — A small Order, widely seatten^d, but sparingly. Ilex 
Afjuifoliumf the Holly, is the ouly European specii‘,s. 

Qualities and Uses. — The bark is ordinarily astringent and tonic, and 
that of the CJommon Holly is esteemed a febrifuge ; its berries produce 
emetic and purgative action ; its leavers and still mere those of Ilex para- 
ffuayensis, called Mate or Paraguay Tea, resemble Tea in pro]iorty , as is the 
case also with Prinos glabra^ a North- American shrub. Ollier speedes of 
Ilex are also used for this purpose in Soul h America. The viscid substance 
called Ilird-lime is made from the bai-k of the Holly ; and its close white 
wood is valued by cabinet-iuakei's. 

STYIlAOACEiliJ are remarkable among the Orders here placed near 
it for the inconstancy of the chameter dependent on the adhesion of the 
calyx ; Miers divides it into two, Symplocncefc and Styracaceaj, separated 
by this iTttrk, by the lestivation of the corolla, and other points. It is com- 
monly regarded as related to Ebenaceae among the Corollifl orals, and also 
to Aurantiaceas and Temstroemkicose among the Thalami florals ; while 
Lindley connects it with Celastroceffi through Sapotaceo) : others point 
out a resemblance to Philadelphaceas. 

Dlstrlbutioii. — Scattered sparingly in the warm regions of Asia and 
America. 

Qualitlea and Uses. — Bitter and aromatic, sometimes containing a pun- 
gent resin. Gum Benzoin is obtained from Styrax Benzoin in the M^y 
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archipelago ; Storax from St officinale in S^ia ; other species yield nmilar 
resins. S^mplocos furnishes ^es or mordants ; the leaves of S, iinettria 
(8weet-leuf, or Horse-sugar, North America) are sweet, and are eaten by 
cattle, llalcsia tetraptera,f another North-Aincrican plant, is called the 
Snowdrop tree on account of its numerous white bell-shaped blossoms. 

The following Orders, sometimes placed in this subdivision, ore of 
doiibtfiil position, or rathesr their altimties aro very various : — OLACACKiW 
constitute an Order of tropicuil trees and shrubs, often climbers, apparently 
n(;ar1y ivdated to 8antalacem, but ha\ i«g distinct, rarely united, petals 
and a free ovary. The stamens are frequently suiitM’posed to the petals. 
— l(\\( iNA(’K^3, separated from the preceding by Miers and Kicliler, have 
the stiiniens alternate with the petals. In botli the (ostivalion of the 
petals is vnlvate j while Cyiullacrjk, a group of American shrubs, have 
imbricate petals and a disk surrounding the ovai'y ; they are placed next 
AquiFolificeftj by Hcntliam and Hooker. — Huaiiimack.® tire tropical Ame- 
rican trees or shrubs with balsamic juice, free ])elals, and luouadelphous 
stamens, each having an enlarged fleshy connective ; tliey appear to be 
related to the Olacacetc and Linacea\ having also ailinities to the 8tyra- 
carea; and Aurantiaceje. The systematic position and, in some cases, the 
exact limitations of these groups is unsettled,* as is also that of Canel- 
I.ACE.E, a litth' group of plants (jonnected with Clusiacem by some authors, 
by otliers with Olacacea' aud their allies, placed by lienthamand Hooker 
near Tlixaceaj and Violarea', but more nearly allied in structure and bitter 
aromatic properties to Magnoliacese. 


Series 3. D i c a u p t m . 

Ovary usually supiTior. Htanions ali<‘rnate and isomerous with 
the lob('s of the i*orolla or fewer. Carpels 2, rarely 1-3. The 

typical 1‘oririiila is S T) | P 5 A 5 G 2. 

OJiEAOH.H. The Olive and Ash Oeder. 

Coh. Jasmlnales, JJenth, et Hook, 

Diagnom. — Trees or shrubs with opposite and pinnate or simple loaves; 
flowi'rs with a 4-cl(‘ft (or sometimes 

obsolete) calyx ; a regular 4-cleft or Fig. 408. Fig. 409. 

n(‘arlv or quite 4-dividcd, hypogynous 
corolla, the lobes of W’hich are valvate 
in the bud, or sometime.^ apetaloiis; 
stamens 2-4, mostly 2, and fewer than 
the lobes of the corolla (figs. 408, 400) ,* 
ovary 2-colled, with 2 suspended ovules 
in each cell : fruit fleshy or capsular, 
often 1 -seeded by abortion ; seeds with 


flower of Lilao 
X, brftot; a, a, 

flower of fVoxi- 


abmdnnt neshy i^risperm ; radicle su- 
perior. — lllustrotiye Genera: Tribe 1. 

ffieshy, Olea, Towmef. 
Tribe 2. FiuxiNEiE. Fruit dry^ eome^ 
times samaroid, Fraxinu^ Toumef, 


Fig. 408. Diagram of 

bracteolca. 
Fig. 409. Achlamydeous 




gdholliflob.e. 


305 


AttnltieB, fto. — ^The relations of this Order are rather obscure. Some 
authors connect them with the Jasniinaceie : but although some of the 
genera approach that Order in structure, they appear to bo distinct in 
their valvate corolla, adnate (dorsiiixed) anthm, pendulous ovules, and 
the nature of the perisperm. They are also related to Apocyuaoeie and 
Ivubiacom. The oalvcidoracea^ are also to be regarded as a neighbouring 
family. Lindhiy thought the Order allied to Scdanacem. v 

Distribution. — A small Order, the members of which are chiefly found 
in temperate climates. 

Qualities an4 Uses. — The most important plant of the Order is tlie Oliver 
(O/ty/ enropma)^ so largely cultivated for the bland oil expressed from the 
flesh}' ])ericarp. Ornun eurojyten^ O. roiimdifului^ and Fraxinm exceUior 
have a sweet juice wliich hardens into the substance called Manna. 
Frnxitim cxcohwr is tlie common Ash-tree, so Yaluublo for its tough 
wood; it only produces Manna in a warmer climate llinii llritain ; its 
bark, ns well os that of the Olivo and (larden Lilac (Spritir/a nth/ftns)^ 
lias decided febrifuge qualities. The lea ves of the Ash act like senna. The 
flowers of O/ni frmjnim were formerly ut-ed in ( Miina to flavour Tea. This 
Ord(n’ contains several of the roinmontistfflowering shrubs of oiir gardens, 
the Lilac {^Syrirujn)^ I’rivet Vhillyrva^ Chinminthusy cS:c. 

.TASMTNAOhLE. — Tho .Jasmine Order consi.sts of shrubs, often with 
twining .stems ; leaves opposite or alternate, mostly (‘onipound ; ealyx" 
and corolla hvpogynous, 5-H-partod, corolla imbricated in the bud ; 
stajueiis '2f projecting from the tube of the corolla; ovary superior, 2-lohed, 
2-celled, with' 1-4 erect ovules in each cell; fruit a berry or capsule; 
seeds with little or no perisperm, radicle inferior. — Illustralivo Cloiiora: 
Jasmmum, L. ; KyrhndhvSf .jii.ss. 

AfBnltios, Ac. — This ( )rdor i.s (iistinguisli(*d from the Oleacea? bj-^ the im- 
bricated ivstivatiou of tho corolla, the erect ovuh^s, ami the small quati- 
titios of perisperm in the seed-s, beside.s the number of the organs in tin* 
floral mivelopes, Avhicli is seldom a multiple of the stamens: most authors 

1 )lac 0 it near Oleacea*, otliers near Apogynaceuj and ICbenacem ; but 
dhdley thinks it has little connexion with them, and really approaches 
more clos(dy to Vcrlicaacem. 

Distribution. — The Order is not very extensive ; the major part of the 
plants are East-Tndian ; a tew occur seattenul, two even in South Europe. 

Qualities and Uses. — The leaves and roots appear to possess a certain 
acridity ; but tho most remarkable quality is the fragrance of the flowers 
of many kinds, from the pre.sence of a volatile oil. Jaffwmum offmmh, 
J, yrandijUmim^ and J. JSfimbac e.spcciiiI1y }deld this. KyctaiitJics Arhttr-^ 
txfstiH is also exceedingly fragrant, out in the night-time only ; its corollas 
yield an orange dye. 

SALV' ADORACE.<E are a small Order of sliTubs or small trees with 
opposite leathery leaves, panicled small flowers ; calyx, corolla, and 
stamens 4-merou8, hypogynous; ovary superior, 1-2-celled ; stigma 
sessile; ovule 1-2, erect; fruit fleshy, 1 -.needed, and the seed without 
perisperm. — It is related by its 4-nary structure to Oleaceie and to Plan- 
taginoceae, having a membranous corolla like tho last ; also resembling 

X 
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PUimbaprinacea) in habit. Baillon points out an affinity to Celastrarese. — 
The species are found in India, Asia Minor, and North Africa. The most 
important is Sairadora perffiraj supposed to be the Miislard-tree of the 
Ifible, its tli'shv fniit hnvinfr an aromatic odour and tasting lihe garden- 
cress. The bark of its root is used in India ns a yesicatory. The leaves 
of S, indica arc purgative. 


LOGANIACE.E. 

C6h. Qentiannles, limih. et Hook. 

Diagnosis. — Trees, shrubs, or herbs with opposite leaves and inteipost'd 
stipules sometimes reduced to an elevated line or a ridge; calyx 4- T)- 
cleft; corolla hvpogyiious, gamopetnlons, regular, 't-, 5-, or 10-cleft, vnl- 
vate or c*ontorti*<l or imbricated in mstivation ; stamens springing from tho 
corolla ; ovary superior, usually 2-cellcd ; style divided above into ns 
many h)beH as tho cells of the ovary ; ovules numerous (»r solitary; fruit 
capsular, 2-ceUed, willi the placentas finally detached, drupaceous, with 
1- or 2-seeded stones, or baccate with the seeds iimnersed in piil)>; seeds 
with a straight embryo in fleshy or cartilaginous pens])erni, sometimes 
winged, mostly peltate ; eiii])ryo straight, radicle inferior. 

I LLtTSTH ATI VE G ENK R A . 

Tribe 1. Oet.sknikji?. Co}'o1Ja-1ohe» mihnente ; style htfid: dtgmus latvi'al ; 
fntit rapsfdar. (lolsenium, Jms. 

Tribe 2. Er-Lo(4ANiKJi!:. iSlyle shnplr: stUjma U^mmal ; oefdes nmnermis 
fn each evil of the ornry. Spigelia, X. ; lluddleia, X. ; Desfoiitainea, 
linizvt ]\ ; IKteria, WtUd.\ Stryehnos, X. 

Tribe .*1. G.EUTNKUKiE. Style hijid; cells of ovary \~ovidiitc : vorollu-lahvs 
I'alvatc, Gicrlncra, X. 

Affinities, &c. — This Order was formerly nssoeialed with Apoeynaeeae and 
the neighbouring Orders ; but, as remarked by Beutbam, it consists, on the 
whole, of JtulnaeeaB with a free ovary, at the same time approaching, by 
reituiu of its diverse forms, some of the genera of 6e\ eral of the Corollifloral 
Orders even more nearly than the general mass approach Rubiucea^. To 
Apcicynaceac, which are very near in general structure, some genera, such as 
(imiostoniay which has contortcnl fcstivation of tho corolla, and Mitras(^me^ 
where the corjiels are partially distinct below and united above, approach 
very closely ; Mitrasacinc and Mitredla were formerly arranged as doubtful 
Gentianacefe, and Fayrtea and Potalia approach still more nearly, tho 
former greatly resembling LmanfJms in character, while Puddlvia and its 
allies have been referred to Scrophulariaccte until lately, but are brought 
into this Order by Bcnthani, since they cannot be separated from Loyania, 
The main difference from Apocvnacea; lies in the stipules ; but these are 
sometimes reduced to a mere line connecting the leaves : tho peculiar 
stigma of that Order affords another means of separating them ; and the 
Apocynacess often have hypngynous glands, which the Loganiacem have 
not. Frc m Gentianacese the distinction lies generally in the stipules and 
the axile placentation ; occasionally the succulent condition of the fruit 
is required as a decisive mark. From the Sci'ophulariacete tlio stipules^ 
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the regular corolla, the a^rreemeat of the number of stnmons and lobes of 
the corolla^ and quincuncinl SRStivatiun divide liOganiacoa^ in most cases ; 
and althuu^li the (estivation and the regular corolla occur suinetiineM in 
the former Order, there are then usuidlv alternate leaves and no stipules. 
As ohscrvod by fkmthani, this is hardly so much a Natural Order as a 
r<^coptaclo for anonialuiis forms of several really natural groups, Itubiaceio, 
ApocMiac-ea*, Oentiauacoir, '&c. 

Dlstribatlon. — A rather large group, the species of which are chietly 
tropical, but some are found in North America and Australia. 

Qualities and Uses, — 'Fho plants belonging to this Order liave mostly 
powerful poisonous properties, in particular the genus JSfn/r/inos. IS. 
Wtu -mniica hfsirs the seeds known by its name, so noted for tlio presence 
of Strycljnia. S. fo.nfera is said to furnish the active ingredient of the 
celebrated Woomli poison of Guiana. S. cofjvm is likewise used to poison 
arrows in Central America. S. Timte (the bark of the root) yields tJie 
Java poison called Upas Tieute. Many seem to be freo from strychnia us 
regards the hark ; for that of S. Psemloquina is used ns a substituto for 
( 'incliona in 1 Iruzil, 1 hat of S. NiLv~vomica also, and the wood of S. lujudnnn^ 
called Lignum colubrinum, <S'. mtatorumj an JCast-Indiiin species, is called 
tin* Clearing-nut ; and it is saia that, when its seeds arti nibood round in a 
vessel containing muddy water, it causes the impurities to settle. The 
seeds from tlui Philippines, known os St. Ignatius’s Leans, have been 
described as the seeds of a plant called Ipnatia mmira ; btit are pj*obnbly 
those of an unknown AV/ye/iwfw, perhaps muU\jlorn^ wliieli grows on those 
islands. The species of SpitjeHa art' acro-mircolic ; S. tfutrihwtiioa^ the 
Carolina Pink-rojl, and S. Anihelmia are used as xeimifugos, but are 
somewhat dangerous, sometimes producing spasms ami even coiivulsious. 
Potalia amara is bitter, acrid, and emetic. 


GENTIAN ACILE. Tiik Gknttaw Order. 

Coh. Gentianales, lieulh. et Hook, 

Diarfnosis. — Smooth herbs, with a bitter juice, opposite and 
sessile, mostly simple, entire, and strongly ribbed leaves, without 
stipules ; flowers regular, with a persisreiil calyx, with stamens as 
many as the lobes of the usually withering-persistent eorolla, and 
which are convolute (rarely imbricated, and sometimes valvate) in 
the bud; ovary 1 -celled, with two parietal placentas, projecting 
more or less toward the centre ; the fruit mostly a !i-va]vc(l, septi- 
cidal, many-seeded capsule, sometimes with a fleshy ]»ericarp; 
st‘eds small ; embryo raiiiute in the axis of fleshy perisperm. 

Illdstrative Genera. 

Tribe 1. Exacejb. Cort^iu-hbea contorted dextrwse ; omrj/ 2~cel1cd. 
Exocum, L. 

Tribe 2. Chironif..®, Corolla^doheii dextrorse ; cmryX^cclled. Chironia, Z. 
Tribe 3. Swertieje. ^ CoroUti^lohescotdofiied or imbncait; ovary i-cdUd; 
style short, Geutiana, L» 
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Tribe 4. ^IkkA'anthe^. Leares radical or nltcrnaie : corolla-lohcs mdtt- 
pUmte-mlmie i ovaj-y celled. Menyanlhea, i. ; Villareia, Vmt, 

Affinities, &o. — Tins Order stands very near Apocynacpie, from which it 
dillers in its placenlatioii and completely coherent riirpels^ habit, want of 
milky juice, and other points. The parietal placentas disliniruish it from 
the ScrophiilariacejL* and allied ()rd»‘i*s, which sonietinies show an approach 
to the re^^nilar atructiireof t.Trentianaeeso. Gesiieraceai diflor in their irrepfiilar 
tlowers, axiltj embryo, and other characters. An atlinitv exists to Orobaii- 
cliacero, especially thmnji-Ii Obolarta^ a N.-Anieriean plant lornierlv re- 
ferred to lliat Older, Voyra^ a parasitic leafless jreuus, and some allied 
forms lately discovered in South America, while Crawfardia^ a twininjr 
seems to connect the (bmtianaceic with (Jonvolvulacem. 

Distribution. — A larpe Order, generally dilliisod — the large genus Oen- 
tiami especially iiiliabiliiig the iiiouii tains of timiperate and hot climates, 
but not in polar regions. 

Qualities and Uses. — Hitler, tonic properties are general; a few are 
emetic or narcotic, especially wlieii fresh. Among the bitter kinds medi- 
cinally enqdoyrd are the {Iciilians, 6'. hdea (oflicinal), jmmiafa^pm'ptn'ca. 
punnonicn^ all iuiro]ieaii, (! .Catvshfci ((j.S), (r.Kttrroo ( I!ininlaya),i'’nAs‘mi 
WaltrrI (L'.S), -//A/MoZ/ s a luitiveof the Himalayas. Piryflnvra 

CcntiiKrimHy Mvnyahthvs irifoliatay ChUrra perfolittfa, (rcntiaim cfifnpci>tris 
and AmareMa, all llritish li^Mb'S, have been used in the same way. ^rhe 
plants oTthis ()rdt‘r nioslU hav(‘ b(*autiful flowers, In'illiant blue predoiiii- 
jiaiiiig, but r(‘d, white, and ]>iirple, ami mort' rarely yellow occurring. The 
( lent iaiiella ofoiir gardens is O. avaidis; anil tlie sma Her ( leiitians are a^ong 
the mosl beautiful of Alpine plants. ViUarsia inpnphrcnides is im elegant 
water-plant occurring in ]!lritain. ' Limnanihvmimu an exotic genus, is also 
aquatic. 


APOCYXACE.E. Dog-banks. 

Cvh. Gi'ntianalea, licnth, vt Hook. 

Didf/nosi^. — Plants uith milky acrid juice, entire (mostly oppo- 
site) l(\T,\es, wiilioLit stipules; flowers rcigiilar, 5-inerous and o- 
aiul rolls ; llie o lolies of tl:e corolla couvolule and iwisfed in the 
bud; tlie filaments distinct, springing from the corolla, and the 
pollen granular; otary 2- or more* rarely Ucidled, composed of 2 
carpels mon^ or less coherent in the ovarian and stylar region and 
quite blonded in the drum-shaiied or dumli-bell-shapecl stigma ; 
ovules niiin(‘rou8 ; fruit J or 2 loll ides, a capsuk*, drupe, or berry ; 
seeds mostly with fleshy or cartilaginous perisjierm, often with a 
tuft of hairs at the top. 

IlJASTRATIVE GeNKBA. 

Tribe]. CAiiiRSEiE. Anilters free ; orar^f eniire. Allanianda, Z. 

Tiibe PLi MiKiiTj^y:. AnUtenf free^ ^Cithuul aiJj)eudayv8 ; ovaries free ; 
styles vnited. \'inca, Z. 

Tribe 3. EcHiTiDEjn. Anther-cells with appmdayes at the base ; ovaries 
free ; styles united. Norium, Z. 
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Afllnltlet, fro. — Related closely to some Lojraniacero and to Gont ianncea*, 
ns noticed under tln>8e Orders — also to Asclejundaccie, frj)ni whicli l-liey are 
chiefly distiii^i^shod by the freedom of the stamens from the stipna and 
by llie granular pollen. The thickened stigma, lii)W(»ver, and appeiidagi'd 
antluTs found here indicate a close relationship. Alyxia has ruminate 
perisperm. 

Diatribution. — A lavgti groun, the species of which are chiefly tropical, 
a few scattered in temperate climates. Vinca occurs in llritain. 

Qualities and Uses. — Ofton violent poisons, acting ns drastic purgatives 
and emetics, scmietimes with a narcotic inlliienee. Not n few, however, 
have delicious edible fruits ; and the bark of some is tonic and febrifuge. 
The milky juice <rontain8 Caoutchouc, in some cases suflicient to become 
commercially valuable. The poisonous principles np])ear to occur chiefly 
ill the seeds and in the milky juice. The seeds of Tanyhinia vruniifeniy 
the Madagascar l*oisou-nut, are very deadly, as are also llu' s(*eds of 
eWherttf ThvMin^ Cameraria lafifolia (the Bastard Manchineel), the 
stem, root, leaves, and flowers <)f NtTwm (the Oh’ander), lUrhites^ 
Plumiem^ &c. Where somewhat milder, as mApocymnn and AUamandti, 
the plants are occasionally available medicinally, hut only in small doses. 
Wnyhtia antulyxenturicay some siiecies of (^nrissa^ Jlnncomia pubv^vens^ 
and others are simply bitter and lebrifiigci, lihe Gentians. 'J'he succulent 
fruits of Hancornia spvciosa (Bra/il), Carism Carmuhis and edulis (East 
Indies), lioupeUia yruta (Sierra Leone), are not only harmless, hut very 
delicious. Caoutchouc is obtained from Urceula elastiva, Wilhtyhbvia 
edtdtk (Eaat Indies), Vahea yummifci'a (Mndaga^cai’)^ Coilopfwm iitilisKtid. 
Cainxraria latifolia (South America), also from species af Landviphia and 
Jlancomia, I'he milky juice of Tnht'nueiuontana atdfs^ the Cow-treo of 
Beinerara, is innocuous and nutritious. IVriyhtia thicdoria furnishes a 
kind of indigo; and the wooil of sjiecies of Wviyhiiu (East Indies), 
Ai^indttuperma (Guiana), &c. is vaiuahle as timber. The bark Alstonia 
ttcholaria is reconinieiuled as a tonic ami antiperiodic. This Order 
furnishes some of our mo>t beautiful stove-phiiils — Bvhiti‘(^y AHamandity 
Di}dadenia, Nerium^ riumb raj t'ce. forming st riking ornaments in every 
extensive horticultural collection. 


ASCLEPIADACE^E. 

Coh. Gentianales, Beidh, ct Hook, 

D’Kujmais , — Shrubs or herbs, often twining, with milky juice, 
opposite or wborled (nu'ely scattered) entire leaves wdthout stipules ; 
flowers regular, o-merous, 5-androus, the lobes of the corolla mostly 
valvate ; fllaments springing from the corolla-tube, united into a 
tube, and often prolonged beyond and behind the anther into horn- 
like processes constituting the corona; cai*pels 2, distinct, or 
coherent below ; stigmas coherent into a .^-angled fleshy head, to 
which the anthers are adherent (flg. 410) ; pollen cohmnt into 
wax-like or granular masses ; ovaries with numerous ovules on the 
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sutures ; fruit a pair of follicles, or by abortion 1 ; seeds mostly 
with a crown ol' hairs at the hiluin, with thin perispenu. 


Illustuativk G kneh a. 

Siibor(l(‘i* 1 . I’EuiPLOCEJB. Pollen yranvlar : anflurs acuminate, Peii- 
pl(U*a, L. 

yubor<lor '2. Asci.epiaue.e. FihnnmtK miitvtl into a tuhe, pollen in waxy 
cohertmt jiollinia. Asidt'pias, L , ; Iloya, R, Hr, ; ytapelift, L, 

Fig. 410. 



a, 'EXoyfeT vH Aftclepino h, a vertii’al Bpction, mth Hie nefaln removed; 

e, anil* virw of a Htimien ; </, inHide view of an anther (p, polleu-saoj ; e, two 
pollen -muHSOB ; fi croaa aectioii of the ovary. 


Affinities, &c. — Flic geiicrii are further grouped into tribes and subtribes, 
according to the iialnre of the anthers and pollinia. The cunous orgaiiiza* 
tion of the siiginn and pollen is the great distinguishing feature of this 
Order, whieh in ether it»sp<!cts is closely allied to Apoeynneeae. When the 
pollen is iiiiituiv, it escapes in )>ollen-inas-es” from the anthers (fig. 410, f), 
and adheres to gehiliiioiis pruc<f>ses diiveloped on the sides of the stigma, 
which retain it, so that it can push its poueii-tubes into the lateral and 
inferior stiguiatic surfact's ; after fertilization, the stigma with the ad- 
herent anthers and filninents separate from the style and leave a pair of 
distinct cari)els, which ripen (one or both) into free folliples. 

Distribution. — A largo Order, mostly tropical, in Asia, Africa, and 
America; one or two species occur in Europe, and a few in North 
America. 

•’ Qualities and Uses. — GGnernlly resembling the Apocynacese ; hut the 
active properties are not so much developed, and the succulent fruits do 
not appear hero. Species of Asclejnae^ Cynmichumy Culotrofna (M udar), 
Tylophora^ and Pcnploca are raoi-e or less emetic or purgative ; the leaves 
of Solenostemma Aryhel and Gomphocarpna fmticosus are frequent adultes- 
ratious in Alexandrian Seuna, and are said to cause griping. The roots 
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of Ilemidesmus indicua are used as a substitute for Sarsaparilla. The 
milky juico of Ci/nnnvhum omlifolimn fields Caoutchouc at Peiiau« 2 ^. 
Marsdmia tenavwHima and Orthanihora vimmea, East-Indiun plants, afford 
very tenacious fibre ; Marsdmia tinctoria a kind of Indigo. The fitaprlufi 
and Ceroper/ioi are remarkable for their succulent habit ; somt! of them 
form curious tuhors, as Brnchystehna. JToya partakes of the succulent 
habit, but has wax-like leaves and blossoms, sopietiines Aery handsome. 
JJMiidm is reiiitu'kablo for its pitcher-leaves. Gymnema lacfifWn is the 
Cow-plant of Ceylon, which yields a milky juice, hai'niless and nutritious, 
and which is used by the natives as food. 

llYDiiorHYi.T^ACEJE fonii a small Ordtjr, allied in some n^spects to 
Borag^inncejc, but differing in their oiie-celled many-seeded ovary Avitli 
parietal placentation, which alao separcates them from Poleiuoniacein, with 
which they havti iiian}’^ points erf a^freeiueiit. They are chiefly natives »)f 
thci north and extreme south of America. Their properties are unimportant ; 
but sppcies of sojne of tho p-ejjera, iis Xrmophita, TCitiacay itc., are iniere-stint^ 
and showy giirdeu plnnt'^, otoavii with us as lendtjr annuals. Ilydroleads 
are sometimes separated from this Oitler by reason of their distinct stylos 
and anatropous ovules. 

DiAPKNSiACEiE consist of two genera, Dinpemia and Pyxidanihvra, 
each having one species. They are coriiiected Avith Coiuoiviihu eiu by 
some authors, 1>ut appear to stand between llydroph\l]acen' and l^ole- 
uiouiaccic, having a .*f-cell(‘d ovary like the latter, and a iiliform embryo 
with very short cotyledons, approaidiiiig that of the former. I’Jujy are 
very closely allied to Ericaceiu, but tlio anthers do not open by pores. 

POLEMONIACJ^i.E (tiik Phlox Ordku) consists of herlis with 
altoruttttj or opposite leaves, regular »>-ineroiis and 5-androus flowers, tlui 
lobes of the corolla mostly convolute (sometimes imbricated) in estiva- 
tion ; ovary .‘f-celled, stylo ;i-lobed j the cap.'^ulo tl-celled, 3-valved, few- 
er iiiuijy-seeded ; valves usually breaking away from a tiiaiigular contral 
columella j seeds perisperiiiic j embryo straight; cotyledons elliptical, 
foliaceous. — lUuHtrative Cenera: Udo^v, L.; Polemmium, Touruef. ; 
CobaiUj Cav. 

AffinltioB, &c. — One of the smaller Orders ; it is remarkable for its 
«3-celied ovary. It is nearly related to ConvolvuloceH), Cob€ea agreeing 
even in the cumbing habit ; the ovary equally distinguishes it from these, 
the Hydrophylla(;ea*, and tho (feutiauaceaj, to all of which it has close 
aflinity. From <i>iapensiacere it differs in the regular calyx and insertion 
of the stamens, as well as in the embryo. The seeds are remarkable in 
many cases for hairs upon the testa containing a spiral fibre ; in Collomia 
these expand ebistically when wetted ; in Cohcea tliey are short, broad, 
and firm. — ^The Polemoniacese occur most abundantly in the temperate 
regions of North and South America. JPalemoniutn carulmm, Greek 
Vtderian or Ja(*ob’s Ladder, grows in the north of England, and is common 
in gardens. The other genera furiiish some of the favourite tender peren<* 
uiai and annual herbaceous plants of our gardens. They have no im- 
portant properties. 
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CONVOLVULACB.^. The Bindweed Oedee. 
Coh, Cuuvolyulales, Bcrdh, et Hook* 


Diagnosis . — Chiefly twining or trailing herbs, sometimes leafless 
and ])arasitic, or shrubby ami erect, often with some milky juice ; 
with alternate leaves (or scales) ; . -p- 

flowers regular, 5-audpous ; calyx of 


r> imbricat'd sepals, the 5-plaited or 
5-lobed corolla convolute or twisted in 
the bud; ovary 2-celled (rarely 3- 
celled), or with 2 separate pistils, with 
2 erect ovules in each cell, the cell 
sometimes doubled by a false partition 
between the seeds, thus falsely 4 -celled; 
eflibryo 1 irgf% curved or coiled in mu- 
cilagii ouH pcrisperin, with foliaceous 
cotyledons, or {(Juscutece) filiform and 
coiled with the cotyledons scarcely |)er- 
ceptiblo ; radicle inferior. — Illustrative 



Fig. 411. Funnel-shaped corolla of 
Conrolmliut. 

Fig. 412. Plimto R[>BMvatiou of the 
corolla of Cawooloulwt, 


Genera ; Gonvolvulm^ L. ; Cumita^ Tournef. 


AlHnitiea. fto. — This Ordejr approaches the regular sympetalous Boragi- 
naceae, Polemoniaeefc, and nlhed Orders; the stnicture of the ovary 
separates it from the lirst, the curved embryo and tlie fruits from the 
second. Cordias also dillcr in their apcrispormic seeds and superior 
radicle. Some of the (k)iivolvulacefe ai*e of shrubby habit, and depart 
widely from the appearance with wdiicli we are most familiar. Cuscuta 
is sometimes mad<* the type of a distinct Order ; but the parasitical habit 
is not a siitlicieiiC character. 

Distribution. — A large Order, of which a few species occur in temperate 
climates, but the majority belong to the tropics. 

Qualities and Uses. — A purgative property generally characterizes these 
plants, among which are several yielding important niedicinnl* siihstmices. 
True Jalap is the wot of Hjcot/onium Burtjay *Scamm()ny of Convolvulus 
Scammonia) Pharhitis cathartica and IpomcBa tubtrosa yield a similar 
substance. The white hedge-Con volvulus (Catysteffia sepium) has a 
similar action, as also various lyomoife and Convolvuli^ the active matter 
being a kind of resin existing in the milky juice. The seieds of Pharhitis 
Nil (semen Kaladanie) and 1\ ccBralea are also used as purgatives. On 
the other hand, Ipomata edtdis forms a large fleshy tuber, which is widely 
cultivated and eaten under the name of the Sweet Potato, and Ipomcoa 
niacrorhiza has edible farinaceous roots. The twining and trailing plants 
of this Order are mostly remarkable fi>r the beauty of their flowers, and 
many of them are cultivated ; the garden Major Oon volvulus is Pharhitis 
purpurea^ the blue Minor Convolvulus is VonvolmUus tricolor. Cmvolmlus 
arvemis^ Bindweed, grows everywhere, on the ground, rooting at the 
nodes ; C. Soldanella grows in like manner on the sea-shore ; Calysteyia 
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sepium^ the White Convolvulus, is one of our most beautiful and at the 
same time commonest hedge-plants. — ^Tho Vuiu'utea or ‘‘Dodders’’ are 
remarkable for their loailess and parasitic habit ; they germinate in the 
ground, and then coil themselves round the stems of plants and scuid roots 
in through their rind, by which they are tlitMi entirely nourished. They 
have wire-like stems with minute scales at the iiode^, and tufts of smaU 
(/onvolvulaceous dowers. They are groat posts in clover- and dax-liolds, 
destroying the plants they infest. 

SOLANACE-E. Nightshades. 

Coh, Polemouiales, limth, et Hook. 

Diwjmsis, — Herbs, rarely shrubs or trees, with colourless juico 
and alternate leaves ; flowers regular, or slightly irn'giiliir, often 
extra-axillary, o-meroiis and 5-aiidrous, on bracdless pedicels ; 
corolla hyj)ogynous, plaited-iiiibricate, plait od-coin olute, or invo- 
lutive-valvate in aestivation; slarueus epipctalous ; ovary 2-eellod, 
cells antero-])()st prior ; fruit a 2-eelled (rarely 3 -o-celled) inany- 
seeded ea])siile or a succulent berry. Meeds ])erisperniie ; embryo 
curved. 

Fig. 413. 



Deadly Nightebade BdUtdonnaX 
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Character. 

Thalamus flat. Cahfx free, or rarel_v 4- or 6-cleft, persistent, or 
the upper part separating by transverse dehiscence, mostly 
growing somewhat during the ripening of the fruit (accrescent). 
Corolla gainopetalous, 5- or rarely 4- or 6-parted or toothed, 
rotate, caini>anulate, funnel- or salver-shaped, sometimes ob- 
liquely iiTtJgular, plaited-imbricate, plait ed-coiivolute, or involu- 
tive-valvate in the bud. ISlamems springing from the tul>e of the 
corolla, equal in number to its lobes and alternate with them ; 
Jilaments sometimes rather unequal ; anthers 2-celled, with the 


Fig. 414. 



a, Corolla of Atropa Helladon-no^ fihoaiiip the attachment of the stamens ; 
6, cruHH seetioii of the ovary. 


cells sometimes connate above, dehiscing longitudinally or by 
toniiinal pores. Ovartf usually 2-celled, the carpels antero- 
])ostorior ; placentas axilc, soiiiehimcs enlarged into spurious 
dissepinumts, renderijig the o>ary 4-cel led ; ovary rarely 3-3- 
eelled by increased number of carpels ; ovules numerous ; stifle 
simple ; stiijma simple or lobed. Frail capsular, with scpticidal 
or transverse d(*hi.scen<'e (tig. 2P4), or a succulent or dryish iii- 
clehiscent berry (tig. 301) ; seeds iiumorous, the embryo mostly 
slender and curved, sometimes straight, with foliaceous coty- 
ledons in fleshy perisperm. 

iLLirSTUATIVK (}KNr.BA. 

Petnnio, Jttss, Ilyoscvamus, Tout'nef. Solanum, L, 

Nicotiohn, Tmrnef, Physalis, Z. Atropa, Z. 

Datura, Z. Capsicum, Tounief, Manaragora, Taumef, 

Aflinitlos, Ao. — A considerable range of variation in the condition of most 
of the organs upon which a chajm*ter is founded renders it diflicult to 
circumscribe this Order strictly; in tact it passes by almost insensible 
gradations into the Scrophulariaceaa. Genei'ally spealdng, the Solanaceae 
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are distin^^iiishod by tlio plaitod ajativation of tlie corolla, equality of the 
number of ataiuoua witli the lobes of the corolla, and a curved embryo 
from the Scrophiilariaceae, which have imbricated (cativutioii, stanioiis 
fewer than the lobes of the corolla, aud a straight embryo ; but none of 


Fig. 416. 



those characters are constant in the former Order; yet the nearly regular 
corolla and live perfect stamens will in almost all cases distingui'^h the 
Solanaceic. Miers has proposed, in extension of a suggestion of U. Brown, 
to establish a new Order, Atropocese, to include the aberrmt forms ()f 
Solanacem and Scrophulariaeese, and leave these better deiined — the brief 
diagnoses of these Ordera being : — 

1. SoLANAOR^. Stamens equal in number to the lobes of the corolla (or 
petals), whose mstivation is valvate or induplicate- valvate. — 2. Atbo- 
PACE^. Stamens equal in number to the lobes of the corolla (or 
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petals), one sometimes sterile; estivation of the corolla imbricated, 
or some modification of imbricated. — 3. ScnopnrLAHiACEAi. Stamens 
less in number limn the lobes of the corolla (or petals), 4 or 2 ; »8ti- 
vation of the corolla imbricated. 

This arrangement is, however, not adopted by llentham and Hooker, 
wlif) liiako live tribes of this order, viz. : — S oIrikw, Atropcae, ITyoscy- 
amea^, (.V*airinoa», and SaJpiglossidem. The removal of the BuMleivm to 
Lf>ganiacefe, as proposed dv llentham, however, is favourable to this 
arraiigeinciit, as it removes the 4-androus genera with regular 4-lobed 
corollas, wliicli would reiuUir theabove diagnosis of Scrophulariaceae faulty, 
'file Solarmccm, as a wliolo, have, however, closer relations with some 
ut the regular ganiopetalous Orders, particularly with llydrophyllacero 
and Gonvolvulaceoj ; they are connected witli Jkiriiginiicerc by Orahmcshia^ 
a Jlnizilian genus, formerly regarded os a Lyc'mm^ whieli has the habit of 
the latter with the ovary of lioragiimeem : it is nearly related to Nohma. 
According to liindley, C\‘drnm connects the Solaiinceje with theOleacem, 
through tSyruif/ai but although it has a straight embryo with foliaceous 
cotyledons, the radicle is inferior, not superior, and the resenublancc appears 
to 1 ‘xist chiefly in habit. Polemoniacem difler in their 3-celled ovary and 
straight embry o. 

Distribution. — A very large Order, the members of which are gonernlly 
distributed, and most abundantly in the tropics. 

Qualities end Uses. — The genera referiihle to Atropacem, as indicated 
nlKJve, art' mostly cl)nrRcterized by narcotic poisonous properties. The 
Solannceje are apparently less powerful, and certain kinds furnish wholo- 
Hoine and some important articles of food ; but many of them possess nnr- 
(totic properties. Some have an acrid quality ; some have diuretic action ; 
and otluu's are accounted tonics. Among the poisonous kinds the most 
important are: — the Atropn BvHaffottmt {^)viu[\y Nightshade, which has 
tlie curious property of rolaxing the iris, and thus causing dilation of the 
pupil, as nlsi» does AtithH-ercia Datura Strannmiwn (the Thoni- 

npple), jind 1), Metel^ Tatahy feroXj alhoy iV:c. ; Hyoscya/nw niycr (Hen- 
bane), and other species ; Nivofiatm 'labnntm, pcrsica, and ruatica (the 
American, I'ersinn, and Syrian Tolmcco-plants) ; Mandrayora officinalis 
(tlio Mandrake), Acanthei'n vemmata, a Cape shrub, said to be more deadly 
lliun any of them. The foliage of s(»me species of Solatium is said to have 
active properties of the same kind, especially (Iflack Nightshade), 

S, Dulcamara (lb Iter-sweet or Woody Nightsliade), and even the leaves 
and stems of S, tuberosum ( the common Potato) and Physalis somnifera, 
Manutn Pseudo-ipiina is employt*d in Jirazil as a substitute for CinctoiiB. 
S<une species of Cestrutn, as laurifolia and Pseudo^uitiaf are said to have 
similar ])ropeities. Other Cestra, as C'. euanthes, Ueviyatumj &c., many 
Bj)ecie8 of Physalis, Solanum, kc,,, are accounted diuretic. The natives of 
central Australia chew the leaves of l*itury, Duhoisia Hopwoodiiy as a 
stiraiihint. It has similar properties to Ooc-a (p. 234), and dilates the pupil. 
The snecios of Capsicum are remarkable for the pungent quality of the 
fruits, the common (hipsicum being the produce of C. annuum, and 
(Cayenne pepper consisting of the powdered seeds of various species, such as 
C. frutescens. W bile some of the plants are such active poisons in parts, 
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otlinra tire only partially or not at all so. The lierries as well as the folia, ire 
of Atropuy for example., and the seeds and cap-siiles as well as the foliaj^e of 
ITyoscifamus^ are very deadly ; but the succulent fruits of many species of 
ISolanmn are wholesome, as the Kgg-Applo or Auber^rino (S, Miftonyvnn ), 
those of S, lacmiaUim^ oaten in Australia under the name of Kangaroo 
Apples, &c., and, it is said (but this wants contirmation), those of the 
S. 7 iif/ntm, Dulcamara^ and others. Lyonpersivnm escuUwitum, the Tomato, 
is another example.^ Still more striking appears tlie instance of the 
Potato, at first si^ht; but it must be rememl)ered that the edible tuber is 
an artificial product, and consists chiefly of cellular tissue and stjirch deve- 
loped under circuiustaiictiS that oppftMi the tbrmatinii oftlu‘ noxious seere*- 
tion ; and what is present may be dissipated by heat. It is said that the 
poisonous element of SolaiiaiMvuia fruits exists in a pulpy coverinj^ of the 
seeds, not in the pericarp. It is desimble that this point should be osct*- 
tained. 

f’onniACK.T! constitute an Ordi'r, chiefly consistinpf of tropical plants, 
combined with Jlora;rinaeo;e by iMUilhain and Hooker, from which, how- 
ever, they diiler in the twisted ii‘8tivation of iho corolla and the plaited 
cotyledons. From (h)uvolvulaco;e they differ in their superior radicle and 
the absence of perispenii. TheOrderisrtunarkahlefortheplaitiMl cotyle- 
dons of the embryo. — The fruits of (hnh’a My.ra and htifolia are called 
Siibostcna or Seheston plums, and, with those, of other species, are edible. 

XoLANACF./W are a small p^vuip of South-Ann'rican plants, referred by 
Bentham and lIookiT to Convolvulac(\‘e, by otln^rs to llorn^inacea!, some- 
times erected into a distinct Order on account of tlie valvate calyx, plaited 
regular corolla, the ovary of o-20 carpels, eillier distinel, or wln?n nume- 
rous combined into several sets, seated on a fleshy disk, with a single stylo 
and stigma; the eniliryo eiirved,iii little pevisperm. The chief distinction 
from Boragiiiaceic lies in tJio o-meious ovary and the absence of the scroll- 
like inflorescence ; tln*y mny he reganled as aherrant forms of tlnit Order. 
Some species oiNolana are cultivated in gardens for tlioir showy flowers, 
somewhat resembling hlni* (’onvo/rnfi. Their properties are unknown. — 
Oenera: Nolanaj L. ; Ahmaj Liiidl. 


BOBAGINACE.E. Tite Buoloss Ohdeil 


Fig. 410. 


Coh. Polemoniales, Bmfh, et Hook. 

Duujnosix. — Chiefly roughly h:iiry herbs (not aromatic), with 
alternate entire leaves, a scorpioid infloresctnic© 
usually without bracts, and symmetrical flowers 
with a 5-parted calyx, an hypogynous, regular 
(rarely slightly irregular) o-lobed corolla, 5 stamens 
springing from the corolla-tube; ovary of two 
carpels, each deeply 4-lobed, the lobes surround- 
ing the base of the single gynolasic style, ^ ,, 

forming when ript? 4 indebisceni 1 -seeded BornumiMwouM 
aeheiieB in the bottom of the persistent calyx ; f™r 

stigma simple or bifid; seeds separable from 
the pericarp, aperispermic ; radicle superior. otK ^ ^ 
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Ischium ; Z. 
15«jrago, Tonnicj, 


Illusthative Geneha. 

Symphytum, Z. Lithoflperimim, Z. 

Anchu&a, Z. Myosotis, Z. 


Affinities, Ac.— Tlifi floral formula is 8 5 | 1* 5 
o^ary ami fruit of tin’s Ordor agreo exactly 
with those of tlic Lubiatn*, in which the ir- 
rej^iilar corolla, didynamous stamens, ()])posite 
leaves, and square stems diflPer widely. This 
character of tlni ovary d()(\s not occur in any 
other regular /5-audrniis gainopetalous Order. 
TVe Nolanncejp and Mhretiaceje depart from tlie 
general t\pe of this Order. Ehretiaccfc setuii 
to hear the same relation to the pnqier Pxira- 
ginneea* as the Verhenaeea* to liahiatic, having 
ctuifluent carpt'ls, ff‘riuiual styles, and a sJiriihhy 
or nrboresctnit hahit. 'flui corolla mostly pre- 
aents ft coronet of scales in the throat, which 
some incline to regard as nborti\e stamens, 'Pho 
hractless in/loresceiice of somi* of the genera 
is remarliftblo. The inflorescence, whether 
with or without bracts, is prohablv a uni})a- 
roiis scorpi<ud cyme, though it has been eon- 
sidored to be an inflorescence of parti- 
tion.” 


A 5 G2. The 4-lobed 
Fig. 417. 



Distribution. — A large Order, the species of which are mostly natives of 
temperate (dimates in the northern hemispheiN*. 

Qualities and Uses. — The plants of this Order, remarlvnhle for their rough 
foliage, hav(J ft reputation as miKdlaginous and cooling herbs. Tlndr chief 
importance lies in the dye furnished by the roots of Anchma iinctoria 
(Alkinet) and various species of O/wsma, iVc., and the beauty of 

their flowers, whence the genera above cited include ninny common 
garden idaiits. The Forget-me-not is a native species of the genus JZ/o- 
sotis. Many lloragiuaceac occur wild with us. 


Ehiietiacea-3 consist of a group of plants included in Iloraginaceae 
by Bcnthnm and Hooker, but separated by some authors on account of 
the cohonmee of tlui carpels and the terminal style (which is gynohasic 
in true flornginacercl luia a drupnci^oiis fruit. Some genera have peri- 
snerm, others not. They seem to he as distinct luue lus Verbenacjeae from 
the Lahiatce ; hut the agreement is very clost‘ at some points in both cases. 
They are also nelirly related to the CordiacecT. ; but the lattiT have twisted 
aestivation and plaited cotyledons, — Most of them ni’e tropical trees or 
shrubs. None pe of much impoii«nce; the drupes of some £hrHtee are 
eaten ; the Heliotrope (IL'fiufrapiutn pentvianmn) is universally known 
for its delicious oefour. — Genera: Ehrctia^ L. ; Tournefortm, K. Br. ; 
lleliotrapiumf L., &c. 
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LABIAT.^:. 

rWi. Laniialos, Beuilu et ITooJc. 

Diftffmsis . — Chiefly herbs, with square stems and opposite aro- 
matic leaves ; flowers with a more or less 2-lip|)ed, hyimj^ymius 
corolla, didynamous or diandrous stamens ; detq)ly 4-lol)ed ovary, 
the lobes surrounding' the base of the single ^ynobasie style, and 
forming, when ripe, 4 iiidehiNeent 1 -seeded achern^s in the botloin 
of the persistent calyx ; stigma bifid; seeds erect, with little or no 
peris perm. 

Character. 

Thalamus flat or slightly elongated, often prolonged into a hypo- 
gynoiis disk or seri(»s of glands. Calyr inferior, persistent, t u- 
bular, o-m(*rons, \nth the odd sepal ])osterior; the limb regu- 
liirly 5- or 10-toothed, or irregular and bilabiate (fig. 4 1 S), y- to 

Fig. 420. 


Fig. 418. 


PJg. 418. Calyx of Salwi. Piff. 41ft Corolla of Salvin. 

Fig. 420. Corolla of Glechoma opened, showing Uiu didynamous stamens. 

]0- toothed. Corolla hvpogynous, gamopetalous, bilabiate; the 
upper lip entire or divided, arch(?d or almost suppressed ; 
the lower lip usually larger and 3-lobc^d (fig. 419). jStamtmt 
springing from the corolla, 4, didynamous (fig. 420), or some- 
times 2; anthers 2-celled or apparently 1 -celled from the ap- 
position of the <’ells at the apex, or with the filament or con- 
nective bifurcate and bearing either 2 single cells or 1 perfect 
cell and a sterile process. Ovary deeply 4-lobed, on a fleshy 
disk, 4-ceIled, each cell with 1 erect ovule ; style simple, arising 
from the bottom of the carpels ; sfv/ma forked. Fruit composed 
of 4, or, by abortion, 3, 2, or 1, dry, separable, 1-seoded por- 
tions, surrounded by the persistent calyx ; seeds with little or no 
perisperm ; cotyledons fiat f radicle inferior. 
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Il.LrSTRATIVK Ok^EIIA. 

T^avirndnla, L. Thymus, L. Man-ubiuiii, Z. 

Mrntlni, Z. lIy«soi)iis, Z. l-Sallotii, Z. 

Sulviji, rrimolla, Z. Phlomis, Z. 

UnHiuaniiiis, Z. liaTiiiiim, Z. T«uicrium, Z. 

Ori^^anuiii, Z. Stachys, Bemilu A) 

Affinities, &c. — A nufl wpU-inarkf‘d order, divided bv Pouthani 

into eiprbt tribos, areordiii^: to the imniljer, position, and direction of 
the ferl ile stamens, 'fhe jreiiera are founded on variations in tlie calyx and 
corolla, &e. As ri'«rtii'ds tlie structure of its ovary, tliis Order a«rroes 
exactly with lloruf^inacea?, irora which, however, almost all its other 

cliaraeiers distiimuish it. The oi*dinarv structure is »Si> | P/) \ 4 (f 2 , as 
f(^r all Orders with didynamous stamens. Amnn}? the didynamous un- 
symiiK'trirjd m<)no|H‘talons Orders, no (4ber ^‘nup approaehes this struc- 
ture but VerbiMiacoa*, which are distiufruished by t ho frivnh'v deirree ofeo- 
hereiu'o of the carpels and the terminal style, as the i’!hretia(*ea^ arc from 
I>(»r»i«rina<‘e}e ; but the sopanitioii of these Orders is sometimes dilTiciilt. 
Disre^fardinj^ the ovarv, the character of the corolla and slauiens c<uinects 
Labiatm with Seroplndariaet'a^ and its allies, especially Avlien they liavi* 
opposite leaves ajid square st<*ms. The inorpholo^ry of the corolla and 
slamtms is very interestiii;.*' in tliis Order, as it is in the Seropliulariaeeu* ; 
the didynamous struetiini arises from the want of the posterior stamen, 
and in the diandrous o’enera it is the autmnor pair that remains. Payer 
says there are orijrimilly five stjimens in Labiates, two anterior first deve- 
loped, then two lateral, while the fifth or posterior is tlie htst to appear, 
aial indi'ed is often suppressed or present in the shnpt‘ of n p^laud. The 
anterior first-born stamens are llie lonjrest and their anthers open first. 
The folia«‘e of tim inaj«)rily of planls in this Order is studtled with inicro- 
seopie glandular hairs, eoriliiimiijr the essential oils to wliich tliey ow'c 
their romavhahlo fra^minct?. Various species of Salvia have hairs upon 
the testa of the sceil, containinjj a spiral fibre, somewhat as iji Polemo- 
niacea'. 

Distribution. — A very larpre Ordt'r, the species of which are principally 
natives of teinp« raft* climates : hut the more fragrant kinds occur most 
abundantly in the warm temperate and drier regions. 

QnalltieB and Uses. — The most striking qualities of this Order depend 
upon the presence of aromatic or frajn’ant essential oils, which render some 
of them \ftliiahle stimulants and antispiismodies, others favourite flavour- 
ing herbs for culinary pni-poses, others important ingredients in perfumes, 
&c. Some are also regarded as tonics. The fleshy subterraneous rhizome.s 
of Sfach/8 paln8fm are sometirnes cultivated as a table vegetable ; and 
the tjuhcu's of an Ocirunm are said to he eaten in Madagascar. Of the car^ 
minativo aromatics, the flints, Spearmint {Mentha Peppermint 

(Af. Penny -royal (Af. Puleffimn) are among the best known. 

Other species of Mentha have similar properties ; Hedeoma jmleffioides, 
the Penny-royal of the United States ; Lavender, Lavandula vera ; to- 
gether with the inferior French Lavender, Z. Sjnea, the oil of which, 
liowover, is cHefly used in the arts (oil of Spike), and others : many allied 



COKOLLirLOR-1!. 


321 


sperics are used in diflereiit countries in the same way. The essential oils 
of some kinds commonly used as flavouringf herbs are also used in vete- 
rinary medicine. Amonjj the best-known of tliese, In^sides Mint, ait^ 
Thyme ( Thy mm SerpyltumxvoAoih^v species), Marjoram (Oriyaniim, vari- 
ous species), Basil ( Ocimw/zj sp.), Savory (Saturria sp. ), Sajre (Salria 
offwinalis Mui yramUflf^ra\ &c. As iMjrfi lines, Lnvender, Batclnnili (Poytm- 
tt'imn Pafchmdi), Me^ifha citrata, Ilosomnry {JtosmaHnm (ifficinafis), and 
others are largely used. Hondioiind (Marruhinm rtdf/a?r) is an old- 
fashioned remedy for coughs; Ground-ivy (Nepeta (Tlrchoind), Balm 
{Metism and others are used by the, country-peoph* for tlie 

same complaints. Mmarda fii^fuhi^a (a North- American shrub) and 
Oriyayium IHcfamnm (or I )itt any of (h’ele) are r(‘puli;d febrifuges. Stnvhys 
JPHtmira has boon regarded as a siernutatorv, but. perhaps acts mechani- 
cally : its root is said to be purgative and emetic ; but this seems unlikely 
to bo true. 

Many plants of this Order decorate onr gardens, and many species are 
wild in Jiritain. 


VKJtnFiNA(''KyK (Tin? Vf.h VAIN Oniucn) consists of herbs, shrubs, or 
trees, with opposite or Hltcrnale halves; tbiwers witli an hy])Ogynoiis mori^ 
or loss 2-lipped or irregular corolla and didynainous stammis; style ter- 
minal; the 2~4-c(‘lled fruit dry or drupaceous, usually splitting w/ien ripe 
into as many l-se<*ded, indehiscent nncules; seeds crei-t or peinlulous, with 
little ‘or no perisperni. — Illustrative Genera: TVr/^cyn/, Jj. ; Twtona^ L. ; 
(*hTiidt‘7idnm^\j , ; Vihw, L. ; ]*hryiua^ li. ; ISlUhey Bi*rg. ; Myuparum^ Bks. 
& Sol. ; Avun'nnidj L. ; AiyiphUa^ Jai*q. 

Afflnitiofl, &e. — rrinci pally distinguished from Lahiata* by the terminal 
style and more coherent carpels. The I^fynporerp^ kept separate by Jlen- 
t ham and Hooker, can hardly he separated from the rc/V/r wrw? except by the 
presi'iice of two seeds in each cell of the ovary, and by the superior radicle; 
and perhaps Selagiiiaeoie should he appended ns an aberrant form. Tho 
structure of the fruit separates this Order from Scrophulariacom aod its 
allies. 

Distribution. — A large Order, chiotly tropical ; lht» TWhfinroi common 
in toni])crato youth America, and a few scattered in nil regions. The 
Avivennue grow, like AJnngroves, in tropical salt marshes. 

Qualltios and Uses. — Those of the Vcrhf-rwoi are much tho same as in 
Tjabiatie : Ahymia ciiriudftra^ the cultivated “ Lemon-plant,” or “ \’er- 
bena," is an instance of fragrant properties ; many species of Latifana are 
fragrant or f«*lid ; some are used ns siibstitiites for Tea. VUf.r Aynm- 
raxtus^ \'\ XffpmdOf and others have acrid fruits. 'Tecttma yrandis is tho 
Kast-Indian Teak-tree, celebrated for its hard heavy w^ood (African Teak 
is froTira Euphorbiaceous tree). The bark of Avicennia fumenJtmaj the 
White Mangrove of Bra/dl, is used for tanning. Clerodemlrons are hand- 
some stove-shrubs. The brilliant Verbenas of our gardens are mostly 
varieties of Verftena chamadrifulia and allied species. 

Selaoinace.® form a small group differing from Verbonacem principally 
in having 1-celled anthers ; in GUoularia the carpels are reduced to one. 
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Hence there appears a connexion between them and Sulvadoraceap, which 
approach Vtn’beriacefe and Khrotit-ce nmon*' the Borujriiiaeefe in other points. 
Some of the plants are Kuropean ; most of them belong to the Cape. 
(rlubuhirifft have piiigative and emetic pix)pertie8. — Genera: >SW«^o, L. ; 
Glubularia, H. 


ACAXTHACE.E. 

Coh. Persoiiales, 1h‘nth. H Hook. 

Herbs or shrubs with opposite or whorled simple ex stipulate leaves ; 
flowers irregular, brurteated, with an imbricated hypogynous more or less 
2-lipped corolla, didynanious or diaialrous stamens attached to the tube of 
the corolla ; fruit a 2-ccllcd, *l-l2-s(*cdcd ca})snlL* ; seeds niiatropoiis, aperi- 
.snermic, usually Hat, supported by litudvcd or cii]>-ybaped ])rojcctions of 
tne placi'iitas; radicle uiferior. - llliii^trufive (Imcra, : 7y///wAcry/«, L. j 
JiuemUj li.j liarlvnuy L. ; Acanthus^ J^. ; AflhalodUy Nees; Justiain, L, 

Affinities, &e. — This Order is closidy rc‘lat(?d to ScropliulariacCiT and Big- 
jioniaccve, difTcring from tin* former in tlie apcrispennic seeds, fn»ni the 
latter chielly, so far ns written charnctera can be given, in the structure 
of the placenta and in the seeds not being winged. Generally speaking, 
the large bracts of the iiitloresceiiee, and the imbricated calyx of uiieomal 
.sepals, give a peculiar and characteristic appt‘nranct‘ to t]ie.sc phint.‘^ The 
sotids oi AcanthodiHuty Jinelliay and otlu!r species have a testa clothed with 
cinious compound hairs containing spiral iimvs. B\ Bentham and Hooker, 
following Anders«)n, the Order is divided into H\e tribes, viz. 

JSVkonietCy liHf'Uivie, Aeaiiihcce^ and Jutifirirtc. 'fhe distinctions are found(id 
u})on the nature (»f the calyX; the lestivulion of the corolla, the characters 
atforded by the seeds, &c. 

Distribution. — A large Oder, chielly tropical. 

Qualities and Uses. — Mostly without ncti\e properties. The most strik- 
ing peculiarity lies in the beauty i>f tin* llowers of many kinds, which 
renders them great favourites in our stoves. Acanthus mollis is interest- 
ing from its leaves having, it is .said, furnished the model of the Corinthian 
capital. Androyraphis paniculata is used iis a bitter tonic. 


BIGNONLNCE-E (tiik Thumpet-peowkii Order) consists of woody, 
nr rarel\ herbaceous plants, often twining or climbing, with exstipulate 
leaves, Iiypogyuoiis sympetalous corollas, didynamous or diaiidroiis sta- 
mens ; tie ovary ('.oinmoiily 2-celled, by the meeting of the 2 placentas or 
of projections from them, surrounded at tho hose by a disk ; many-seeded ; 
the seeds lai^ge, Avinged, with a Hat embryo, and no perisperm. — Illustrative 
Genera: liignonia^ L. ; Juss. j Catalpuy Scop.; JEccremocarjMS^ 

It. & P. 

By Bentham and Hooker the order is divided into four tribes, Bitjno- 
nicae^ Tecomc€Rj JacarandeePy and ( Yvscrntiece ; the latter oi'teii treated as 
a separate Order. The points of distinction ai*e the number of cavities in 
the ovoiy, the nature of the fruit; the erect or climbing habit, &c. 
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AfflnitioB, & 0 , — The aperisperinic charnel er of the seeds separates this 
Order from Sci ophulnrincea,*. From Acautlineeje there is less marked dis- 
tinction ; but the winjred and sessile seeds, tO‘;cther with the general 
habit of the inlloroscence, mark the diilereuce. lA'vrtmwarjmH approaches 
closely to (iesncrucen; ; and these, with iVdaliat e.'c and ( 'rescent hwejc, 
ai’o chiefly separated by the want of coluireiice of the placentas in the 
axis (the oxceptioiuil case hero in Eccreinov(trintH) and the ahsence of a 
wiii'^ to tli(j seeds. Many Jlignoninrete are reuiarkiiblo for the strueture 
of their woody stems, which have tlie wood divided into sc'gments by 
l)road wedged-shaped pr«)cosses of the bark ; the segmetils are 4 in young 
stems, forniing a cross in the transverse section ; S, and e\eii 1(> lobes ap- 
poju* ill the woody layers of siii)se(|ueut years. Tlie hroiid pfij)er-like wing 
of the seeds of Jiiijtioniee has a very elegant microscopic btructiire. 

DlBtrlbatloiL — A considerable family of mostly tropical plants; the 
IVumptjt-llowered climbers form striking features of Aiiiericfiu forests. 

Qualities and Uses. — Many of the plants of this Order are used in 
llrazil lor various purposes, such as il\es, medicines of vaiied action, 
timber, tVc.; hut nonii are of ver\ great imjmrtanco, Tlioir boautiful 
dowers, often large and brightly coloured, remder them very attractive. 
'/Worna radicatiSf lAormovar/nfs Hcabt'r^ iVc. are common garden climbers; 
(\italpa is a liaudsunie tree uilh showy blossoms, hardy in 

this country. 


PKDALiACKwf! are chiefly distinguished from Bignoniaceto by fheir 
gfMierally wingless aeedvS, and by tbeir diilei’ciit habit. St^samum may be re- 
gainled us inierinediate between the Orders just named, while Marlipnia 
establishes a transition to Gesneraceje, of which Order Bediiliaceie, or, as 
they are sonietiiucs called, Sesauicio, are considered by some lo form a 
tribe. — They are chiefly li'onicjii ; the niObtiiujMU'tant member of tin; group 
is St^samnm oru‘n1aU\ wdiich is an object of cultivation in the ICast for its 
seeds, from which oil resembling OJive-oil is obluiiied. Some of the 
species are in cultivation, among them one or tw'o species of Martyuia 
remarkable for the two long horns to the fruit. 

(yRKscENTiACELfi are also very near to the (Tesnomcoir, and chiefly dis- 
tingiiished by the arborescent habit andlargii amygdaloid seeds; the calyx 
also is free, and its limb splits irregularly. From Fedaliacere the fruits and 
the amygdaloid seeds divide them, '/he indehiscent fruit and wingless 
seeds separate them from Bignoniacoa* and AoAnthaceaj, and this, togetlier 
with the want of perispenn, Ikhii Scrophulariacefe, fSolanaiieie, and l^enti- 
biilariacGie. — This Order is tropical, most developed in tlie Muurillus and 
Madagascar . — CreAventia ihtjeXe^ the Calabash-tree, has a fruit like a gourd, 
with a hard shell applicable to many useful purposes, holding liquids, 
forming floats for ralts, &c. The subacid pulp is eaten. Parmnitiera 
pvrifira (Panama) has a long slender fruit, and is called, from the shape 
of this, the Caudle-tree ; it is a favourite food of cattle. 



324 


SYSTEMATIC BOTANY. 


GESNEEACE.E. 

Coh, I’ersonnles, Bonlh. et Ilooh. 

I'Haf/nom . — Soft woody shrubs or horbs, somewhat succulent, with 
opposite or Avhorlod wriiiltled leaves, without stipules: flowers irreprular: 
r(*rolln peripy uous or hypo<rjmoiis, sympetalous ; stamens diandrous or 
didynamoiis with a rudimontarv /ith ovary half-Hupj'rior, with a rinpr of 
p-lamls or a disk, l-celled, witli two 2-Jobod parietal placentas ; fruit 
capsular or suceuh‘nt ; seeds numerous, with or without perisperm ; cotyle- 
dons much shorter than tlie radicle. 

Il.LUSTHATIVE riF.NEUA. 

Suborder 1. (lESNKKEiE. Suborder 2 . Cyiit a N i) iie;e. 

irifh a liftif periAprrm : rah/x partly irithuaf pprisperm ; fmit frePy capsu- 

adhrrmt ” to the capmdar fruit . lar, twiatrfly or harcatc. 

(Teaiujra, Mart. Jvsehynanthus, Jack. 

Aehimeiies, 1\ Br. Streptocarpus, TAndL 

(iJo.\iiiia, Jlerit. Cyriandra, Furst. 

Afflnttias, Ao. — The (icaiKjrnecae have much the aspect of Scrophu- 
larinceaj ; and the flowers veu-y much rcstunble tliose of Pfl'rnoniaceR), but 
their placcmtus are decidedly parietal ; and althou»rh Ewrcmocarfma con- 
nects them with Jli^noniace.'e, its wiiif^ed seeds and laiire eotyh'dons still 
mark the diflerenco from Clesneracea*. The parietal iflacontas resemble 
those of Orobanchacen\ which ctinnect the Order furtlier with Scrophu- 
hiriacofc ; hut in the GcmuTcrc, where the seeds are perispermic, the calyx 
is more or leas adherent to the ovary. In StrepiocarjmK it aometiniea hap- 

J iens that one of tluj two cotyknlons becomes persisttmt and enlarjred, 
brminp^tbo only leaf foimed by the plant. — They are tropical plants, the 
Gcmcrcfii Aniericnn; the more diffused, but ehiefl}' Eastern. 

They are of no frreat importance ns reirards their pro]}ertir8; bouio OesnerecB 
have edible fruits : the most interesting point about them is the beauty of 
the flowers. Most of the genera above cited are found in collections of 
stove-plants ; hi their native habitations they are often epiphytic. 

COTAJMELLTAChMiJ consist of a few species of Mexican or Peruvian 
plants, which have been supposed to approach Jasxninacese, or still more 
closely to Gesnernceaj and Iliibiaceje ; but their structure is not well made 
out. In many respects they arc nearly allied to Escalioniea in Saxifra- 
gacem. They have an ndlierent calyx, cpigynoiis corolla, two stamens 
with sinuous anthers, and an inferior 2-celled ovary with numerous ovules. 
Seeds perispcnnic ; embryo minute. 

PEOEANCHAOEyE (Eroom-Eaper) are fleshy herbs destitute of 
green foliage (root-parasit(js) ; corolla sympetalous ; stamens in*egular, 
hypogynous, didynamous ; the ovary 1 -gelled, with 2-4 parietal placentas ; 
capsule wdth very numerous seeds, which are minute, perispermic, with a 
very small rudimentary embryo. — Illustrative Genera: Oi^obanehef L. ; 
Lathrea, L. 
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AAnitlof, Ao. — Til is Order is especially remarkable for the parasitic habit, 
the deshy texture, scale-like leaves, and the absence of chlorophyl, in 
which particulars the plants I'esemble Monotropaceie j but these ore nut 
choiacters of ordinal value, and we see them runnin*^ into the nearest 
allies of this group, as Jiuohnera aii<l tHriija in •Scrophularinceo}, not to 
mention the partially parasitic condition of Mvlampyrtce* The Order is 
chiedy separated from Scrophulariacom by its pariet^ placentas. From 

Gentianacece it diders in the carpels being placed back and front, ? , as in 

O 

Scrophulariacem and the allied Orders, wliile in Gentianaceao they* are 
right and left of the axis, o+O* From Gesuoracem there is little except 

the habit to separate them. — These plants are parasitic on the roots of 
many herbs and shrubs of very various orders j they attach themselves 
immediately after germination, and become organically grafted ; some in- 
crease by tuberous buds from the l)ase of the annual stems. The Oro- 
bauchacea; are bitter and astringent, and are said to be escharotic ; these 
qualities probably depend on a re.'^inoiis Iluid secn^ted in the abundant 
epidermal hairs. They are comparatively numerous in Europe, North 
America, North Asia, and the Cape; some in India. 

SCFIOPHULA li LAC E.E. 

Coh, Pi^rsonales, Benfh. ei Hook, 

Diatjnosi ^, — Chiefly herbs ; flow ers \\ ith hypogyiious, sympeta- 
lous, irregular corollas, the lobes of which are imbricate in estiva- 
tion ; didyuanious, diaiidrous (or very rarely 5 perfect ) stamens 
springing from the tube of the corolla ; ovary 2-ceJled, cells antero- 
posterior ; fruit a 2-celled, mostly inany-seuded capsule with 
axile placentas ; seeds aiiatropous ; embryo small, in copious 
perisi»erin. 

C%(iracter, 

Tliahimus flat, oblique, or provided wit h annular disk or gland. 
Calyx persistent, more or Jess deeply 3-r)-toothed, more or l(?ss 
irregular. CorolUt sympetalous, irregular ; the tube long or 
short ; the limb more or less deeply 5-lobcd, or 4-lobcd by the 
coherence of the 2 posterior petals, jicrsonate (fig. 422), bilabiate, 
rotate (fig. 421), sometimes spurred. Stamens 2, 4, and di Jyna- 
mous (tig. 425), or with the 5th (posterior) perfecHJt sterile, or 
represented by a petaloid tooth (fig. 423), attached to thcj corolla ; 
anthers 2-celled, or 1-celled by confluence or by suppression. 
Ovary 2-ceUed, with axile placentas bearing usually numerous 
ovules; style and stiynia simple, or bifld at tfie apex. Fruit 
capsular, rarely baccate, 2-celled, dehiscing by 2 or 4 valves, 
or by pores, or indehiscent ; seeds mostly numerous, peri- 
spermic. 
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Fig. 421. 


Fig. 423. 



Fig. 421. Corolla And BtAmons of Vflromra. 

Fig. 422. Cnlyx and corolla o[ Anfirrhimnn. 

Fig. 423. Cortlla, Inid oprn, with clidvimninuH atamL‘n>j and Rtaminode, of Scropkula 
Fir. 421. l)iHKr(nn of of SoropJiutana. 

Fiff. 425. llidynumoiiM ntumcna of Dtgitahtt. 


Il.I.UsTJJ VTIVF. (tKNKU.V. 

Thw large Order exhibit«» eon«iid<»r.al)le vnriotv of eniitHtinii'i, wlienee its 
aflinities become somcwbjit conijdox It is by IJontham and Hooker 
divided into three Suborders or SMri»*«i. tlius : — 

1. l*.SKirnnsoi.ANi''.’R. Leaves at fern ntv : in ft ore'^renre. centripetal j two pan- 

terior lobes of cor all a onfside. ^^*^baselln^, L. 

2. AxTiBiariN'FJ-:. Leaves stmietimes opposite: ihHoreseenee centripetal. 

Corolla hilnhiate^ imbricate in rest i ration, the posterior h>hc o^itside the 
atderior one. Calceolaria, Lciiill. ; Linariti, Z. ; Anlirrhiniim, L. ; 
Scrophularin, Z. : (irntiola, Z. 

8. RniXANTiTK.F. ration imbricate, the two lateral lobes or one of 

them placed outside. lJigitali.s, Z. ; Eii])hru.'>ia, Z. 

AfBnltina, &e. — The near connexion with Solanaccro, shown in the clo.se 
rolatioiiRhip between Salpitih^sls and Petunia, is ineutioned also under 
tliat Order, wliere a rcfortmce \>* made to the proposed transfer of the 
SalpifflosKidee to the Order .\tropaeeje of Miers. Mr. Beutham defines 
the present Order by referring to Solanacem the genera which have at 
once 5 stamens and a corolla plaited in estivation ; Petunia has a plaited 
corolla and 5 staniens, which, however, are unequal and declinate, and 
tlyis approach to Salpiglossis, where the corolla is very similar, but the 
stamens truly didyiiamniis. Verbaseum. having 5 stamens, is sometimes 
referred to Solanacofo ; hut one at len.st of the stninons is commonly sterile, 
and its corolla is imbricated. Tn another direction, Sorophulariacere 
approach some of the forms of the very hett^rogeneous Lngaiiiaceic ; and 
Beutham regards it as advisable to refer Btuldleia and fts allies, generally 



COBOKiLIFLOltiK. 


327 


counted amon^ Scropliiilarincem, to that Order, as the only means of 
settiujf a detiniie boundary between the Orders, these ^fenera haviii); ii 
transverse ridj^e ronnectiiij^ their opposite leaves — an indication of the 
characteristic intorpeliolar stipules of Lopaniacem. With Orobwiclincca*. 
again, the connexion is close, especially through the root-parasitism of 
many genera, all of whicli approach closely in the general structure of the 
Howor to Orohancht *. ; for the carpels are really anterior and posterior in 
that Order as they are her<», and the main distinction is, that the margins 
are not folded-in to form a dissepiment, so that Orobanchneea' have pa- 
rietal instead of axilo placentatioii, to which is add(»d their minute rudi- 
mentary embryo. A general resemblance exists hotween the present 
Ord^r and the other didynamoiis gamopctalous Orders; hut CJesneracem, 
Pedalinceai, and Oresceritinccne have parietal placentas ; llignonincem and 
Aoantliacea) have aporisperniic seeds, and Lentihulaceaj a free central 
placenta. 

The morphology of the corolla in this Order is well deserving of atten- 
tion : curious monstrosities not uiifreqiienlly occur in cultivation, in which 
tlie iionnal irregularity is obliterated by a repctiti<ni of the pouches, spurs; 
or similar developments in each constituent petal, as in Ltnarta, where ii 
fi-spurred corolla occurs with a symmetrical limb (Peloriaii variety)— in 
this instance tlio regul irity is due to the increased mimbor of the usually 
irr«‘giilnr parts ; in other cases tlie llowcr becomes iierfeetly regular by flu‘ 
complete absence of pouches and spurs. Cnhrolnnn som(‘times occurs 
with a somewhat cam pan ul ate, regular corolla, S:c. Many of tlie Scro- 
pliulariaccije are parasitic upon the roots of other plants, as, for examph*,, 
Melampi/rtniif llhinanthuHy and their allies, which, liowever, apiieur to 
ho only partly nourislied in this way, having distinct roots ; they are 
reniarkablo for turning black when dried ; Strifftu an c‘Xotic genus, is 
still more distinctly pnra*jitical ; and linvhnrm ht/ilrnharifnnift lias scale- 
like leaves similar t<» those of OraifxmcJw. In somecd* tlie gtnieni ( .V/w/wZ/f/f 
iSre.), where tlie style is divided at the apex, it is devedoped into two flat 
lamimc, which exhibit irritability, (^hatiii says that tlie stamens appear 
simuUaneoiislv, and that it is only after birth that tlui irregularity in 
number and form Incomes manifest; but that does not aeeord with our 
ob'ervations. The probability is that the develojmient varies in diflbrcul 
genera. Pentntemon hitfemndrum has the fifth slanieri antheriferous. 

Dlfltiilmtlon. — A very large group, the species of which are universally 
diffused and very abundant. 

Qualities and Ubos. — More or less acrid, or hittf»r.; mostly unwhole- 
some; sometimes deadly poisons. IHtjilfdh purpnrm^ our native Fox- 
glove, the otliciual plsut, is an extremely ])owerful sedative ])nison, both 
in the foliage and the sefid.* ; the allied species 1). lufr/t, ochroh^ucu, 
l4i>viifata^ &c. are ei^ually active. The species of Verhasrum Inive a share 
of this property, especially in the seeds. The Scrtyphidaruef Lhinrico^^ and 
Vvronicfe are all more, or less bitter and acrid, and hiispiciuiis ; Gratiola is 
violently purgative and emetic. 

This Order is remarkable for the number of beautiful flowering herbs it 
contains. The Snap-dragon, or Dragon’s-raouth i Antirrhinum nmju<)y 
the species of Veromca^ Mirnnhut (of which the Musk-plant, M, nw^rhatus^ 
is remarkable, among plants of this order, for its fragrance), Linaria, Petti* 
stemoHf Calceolaria^ Maurandyaf &c. are in eveiy garden ; and of their 
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uumerous exotic allies a long list will be found in all horticultural col- 
lections. A large number of showy-flowered native weeds belong to this 
Order, such as the Toad-tlax ( Linaria nihfaris) and several other species 
of Linaria^ the Speedwells ( Vvrontcu), the Ited Rattle {Pedietdaris) and 
the Yellow Rattle {Ithinanthm) (so called from the ripe seeds rattling in 
the dried inflated membranous capsules), the Foxglove, Mulleins (Fer- 
bascum)^ &c. 

LENTIRULARTACE-dS (Ruttich-wouts) are small herbs growing 
in water or wet places ; dowers with a 2-lipped calyx and a 2-lipped 
personate spurred corolla; stamens 2, with (confluent) 1-colled anthers; 
ovary 1 -celled, with a free central placenta bearing several aiiatropous 
seeds, with a thick straight embryo and no perisporm ; stigma bilabiate. — 
Illustrative Genera : Utriculanuy L. ; l^inr/tdcula, Tournef. 

AAnltlea, ftOt — This Order is interesting both from the habit and appear- 
ance of the plants and from its affinities : — on the one hand with the irre- 
gular, didynamous gamopetalous 

Orders, through ScrophulariiW!e;e, Fig. 420. Fig. 427. 

with which it agieos in the calyx, 
corolla, and stamens, and on the otlier 
hand with th<‘ regular Syiupotalm, 
through Priniiilaceie, with which it 
is conuected by the free central pla- 
centa. Dickson says the thalamus 
in development begins to show irre- 
gular growth before there is any Fig. 43 «. Flower of 
appearance of the parts of the flo W(*r, Fig. 427. Air-duo of the leaf of mrieidaria, 
and that the pistil is ^-carpous ; the 

mubryo is sometimes mono- in other species dicotyledonous. The 
structure of the leaves of the Ulricularicc, especially that of their pouches 
or air- floats (tig. 427), is very curi(uis. Priiigsheiiii considers these 
pouches to be dilatations of a branch. — The plants are found in all parts 
of the globe ; the Uh'ictdarue are aquatic, one euiious Brazilian species 
^ U. TUflumhifoUa) growing in the water retained in the axils of the sheath- 
ing leaves oV a TUUmdsia, In Ulrictdat'ut the radicle aborts and the adult 
plant is rootless ; the submerged capillary branches have often been mis- 
taken for leaves or roots. The pitcliers of Ufricularia and the leaves of 
Pinf/uietda have alike the property of dissolving and absorbing animal 
matter, such as insects, i^c. Pinffuiculat are bog-plants ; and P. vtdgaria 
is said to have the property of coagulating milk. 



Division III. Apetals or Incomplete. 

Picotyledonous plants with a green or coloured calyx and no 
petals, or with a c^x-like perianth of more than one whorl, or 
with the floral envelopes reduced to one or more bract-like pieces, 
or altogether absent. Flowers often unisexual. 

Exceptions, Sto. — The above characters ore more or leas artificial, and 
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bind together a rather heterogeneous series of orders. Many of them are 
merely degraded forms of Thalamitloral or Calyciilural types. Tlie group 
is sometimes divided into two subdivisions, culled MoiioidilaniYdeie- and 
Achlamydeo;, according as there is or is not a true calv.v or perianth sui-- 
rounding the stamens and pistil. A double doral envelope occurs in some 
Eiiphorbiaceje, LornnthaceaD, iS:c. Many of the plants in this group have 
unisexual dowers grouped in cones or catkins. 

Series J. Supkr-E. 

Ovary superior ; perianth usually distinct. 

POLYGONACEjE. The Soruel Order. 

6bA. Chenopodiales, Benth. el Hook. 

Diagnosis . — Herbs with alternate leaves, mostly furnished with 
stipules in the forin^ sheaths (oemf-) above Ibe swollen joints of 
tifie stein ; tlmjlartfers mostly ]>»Tfeet, with a more or Ji'ss perHiHti‘iit 
periantluiirfrflmiens hypogyiioiis, or rarely perigyiious ; a 1-celliHi 
2-3 styles or stigmas, and a single erect orthotropous 
^>vule ; fruit a triangular nut eindosing 1 erect seed, usual ly w ith 
farinaceous perisperm and an inverted embryo. — 1 11 list rati ve Genera : 
Erioganum, L. C. Jiich ; Ithetim, L. ; Bolggonum^ L. ; Coccoloba^ 
Jacq. ; Jtumea?^ L. 

Afflnltles, Ao. — Thfl commoner plants of this Order may bo distinguished 
by tho peculiar oerciwjco us. stipules (tig. 05), wdiich, liowover, an; wanting 
in Brutgonu?n and some other genera; the most distinctive character- 
istic is the solitary erect seed with its embryo Imviug the radicle turned 
upward ; this separate-s it from its near allii;s, tho Ch(iUopodim;ete and 
Amaraiitacoac, from wddeh also the perianth and tho ncrefc remove it; 
also from the Nyctaginucese, to which the iiivoluorate flowers and abortive 
stipules of EriogonenB approach. There is a further relation to Caiyo- 
phyllacem througli tho iParonychiaceai. The Order is divided into tribes 
according to the bi- or unis<3xual flowers, the presence or absence of an 
involucre, the number of the parts of tlic ilovver, the presence of an 
ocrea, &c. 

DlstrllmtloiL — A lai-ge Order, tho meinbers of which are universally 
diffused ; especially aljiiudaut in teiuperute climates. 

Qualities and Uses. — The foliage of these plants is frequently cliarac- 
terized bv the presence of on acid Juice, depeudiug on the presence of 
oxalic and malic acids, or by an acrid, pungent juice; some are strongly 
astringent, w'hile the roots are generally more or less powerfully purgative ; 
the starchy perisperm of the seeds is suthciently abundant in some species to 
furnish a valuable substitute for com. Among the useful acidulous kinds 
are the garden Rhubarb, BAeum undulatumf It. pdlmatumj &c . ; the Sorrels 
( liumex actUaluSj It. Acetosaj and It. Acetosella ) are familiar plants. Bheum 
Jtibes is used for fiavouruig sherbet in the East ; and some other exotic 
plants have like properties. Polygonum Hydrepiperj a common native 
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weed, is very acrid, even vesicant when fresh. P. Bistorta was formerly 
in use ns an* aatrinp:ent ; and Coccolobu uvifera^ the sea^side Grape of the 
West Indies, furnislies a very astriujjent extract. The Khubarb of medi- 
cine consists of the roots of lihrmn offivinah^ and perhaps also of palma- 
turn, wndulatum^ rhaponticnm^ KnuKli^ WMtamnny and other species ; the 


roots of alpinm w^ere formerly used ns a purgative under the name 

of Monk’s Rhubarb. Fayoptfrum emiUntsUm^ coniinon Ruck-wheat, F, 
tataricumy and other species are lar<rely cuHi\'atcd for food in the nortliern 
parts of Asia and of Eastern Europe. The common Docks are species of 


NYCTAGINAOh^/E (tum MA^l\Y^L-oF-^Ellrr Oiidkr) consists of 
herbs, shrubs, or trees, mostly with opposite, and entire leaves ; stems 
tuniiil at the joints; (lowers siiiToundecl by an involucre, with a delicate, 
tubular or funnol-sluiped pelaloid periaulli ; upper part deciduous, lo\ver 
part persistent, constricted above Ihe 1 -celled, 1 -seeded ovary, aiuj^ indu- 
rated to form tlie pericarp (•liclesiiim); stamens 1 or several, slender, 
hypo^'-ynous ; the. embryo coiled round the outside of the mealy perispenu, 
with broad foliaceous cotyledons and an inferior radicle.- "Illustrative 
Genera : Foerhaana^ L. j ^UrabUisy L. ; JHRtmiay Plum. 

Afflntticfl, &c« — 'File neaiwst rebitivos uf tlusse plants are probably the 
Ibdyjyoiuicejo, especially the tribe of Fritpmwco \ but tlie interior radicle 
and tile p»*culisir fruit enclosed in tlu^ iiidnrnted liase of the perianth are 
evident distinctions. 'Phe steins of these plants, (‘specially of the ISmmia^y 
have a curious arraii^yeiimnt of their fibro-va.seular bundies. The nature 
of the involucre serves to divide the Order into tribes. 


Distribution.— Natives of warm climates, chiefly in the S. hemisphere. 

QualitioB and Uses. — ^’Pho roots of the Nyc’tnjrinacepR are pfencrally pur- 
gative ; ami Mirabilts Ja/apa was formerly supposed to be the source of 
medicinal .Jalap. Mirabilis dirhoUmia^ tlic Marvel of l\*ru of our gardens, 
is remarkable for opening its (lowers in llie aft ernoon, whence itislermeil 
the Pour-o’clock Plant; both this and M. Ivnyijiora^ another cultivated 
species, are violent purgatives. BoiwainvilU a is remarkable for its brightly- 
coloured bracts. 


AMARANTArE.E (Amaraxths) are weedv herbs, with opposite or 
alternate exstipuhito leaves, and spiked or capitate, bracteah'd inflores- 
cence ; the flowers mostly with an imbricated perianth of dry and scarious 
persistent bracts, often colour'd, .T o in number ; occasionally unisexual ; 
stamens 6-nierous, hypogvnous; anthers sometimes 1-celled; the one- 
oolled ovary usually 1-oviiled, in one tribe (Oelosiofc) many-oviilcd ; style 
1 orO; stigma simple or coiiipoimd ; fruit a utricle, a caryopsis, or a 
berry ; seed jiendulous, with the embryo curved n>uud the circumforonce 
of farinncBOiis perisperm ; the radicle near the hiluni. — Illustrative Genera ; 
CeJoi^iat L. ; Amara/ttttSy L. ; Aobyranthefty L. ; Gotnphrena, L. 

** Affinities, ftot — No absolute character can be given to separate this Order 
from the Ohenoj)odiaceH) ; but the habit, especially the crowded bracteated 
inflorescence and the membranous perianth, rentiers them very different 
in appearance. Their more distant relations are the same as those of that 
Order. The division into tribes depends upon the 1- or 2-celled anthers 
and the number of ovules in the ovary. 
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Blrtiilmtloii. — A larg'e Orrlor, the apncies of nro luost nbundant 

within the tropics, in dry, barren situations. 

Qualities and Uses. — Gonerally with somewhat murilapinous juice, 
seldom willi active properties. 'Fhe species of Amarmitm^ sueli as A, cau- 
Love-lies-bh^edin'r, and A, hypw'hondriaom^ Ih-iiice’s-hVathers, ore 
well known in ^ardtms for their brij^^ht-coloured and persistent bltjssotus — 
as are also the more tender (tlebe Amaruiitluis {(iomphrnw) and the 
Cock’s-conib {^Cehsia crintata), tho latter remarkable for its fuscialed 
tlowering-Htem. 


C1IEN0?0D1A(;E.E. The Spitjacu Oedeii. 

6W*. ( 'henopodinles, /fcwM. vt llook» 

Diftf/nosi.9 , — Ch !<»(!/ lujrbs, of weedy nspoet, more or l^ss siieou- 
lent ; if»aves mostly alternsito ; without slij)ules or scjirioiis bniets : 
flowers y)erfect, polygamous or dicdiuons, mimife, gr(‘enish, tin? 
free perianth inibrieatcid in the bud ; staimms as many as the 
perianth-lobes, or randy fewer, and inserted in front of them or on 
their bases ; ovary I -celled, becoming a I -seeded thin n1ri(de or an 
aebmninm; embryo eoiled into a ring (around tb(» p(MdH|)f‘rm w hcni 
present) or spiral. — Illustrative (ienera: Snllconiia^ Toimad. : 
Atnplex^ L. ; JilUmn^ L. ; Beta^ Tonnief. ; Cheuojjpdiim^ L. ; 
so/o, L. 

Affinities, Ac. — Closely roll ted to ATnarantacfi;e,hiit difTering in habit and 
in tile sum of the charactcMs. Kroiu the PhytolaccMU'e.e they ditfer in 
the simple ovary and tho stamens crjiinl in niimh»*r and n]>posito to tho 
segments of the pc'rinnth ; from tSderanthvfo they an* sepurati'd by the 
simple ovary, the usindly altornnti* leaves, ami tho dislinotlv hypogynoiis 
condition of the stamoiis : from the 7V//Yw//c/mYC parliciihirly by the ab- 
sence of stipules; tlirongh the INironychiaceje thov are nearly rohiled to 
(kiryophyllaceio. The order is divided into two groups according us tin* 
embryo is annular or spirally coiled. 

Distribution," -A large Order, generally diffused ill waste places or in 
salt marshes ; most abundant outside the tropics. 

Qualities and Uses. — Oeiujrally bland and innocuous, the foliage often 
rendering them valuable as pot herbs, and their roots funiishing food for 
cattle ; sometimes with anthelmintic and ant isnasniodic properties. The 
maritime kinds w'ere formerly of great value from the quantity of 
obtained from their ashes, ^piuatdi (Sfpinacin r7«vif<?o), Oriich (Atriplv.r 
hortevm^y and Englisli Mercury ( Chenupi>dinm Bonm Ilmricy») belong to 
this Order ; also the Beet and IVlangold Wiirtzel {Beta t^idf/aris and Cych), 
From the juice of the Jieet, sugar is extracted in considerable qiiantities. 
dimopttdmm anthelminticum yields an essential oil, used ns an anUiolmintic 
under the name of Worm-seed Oil ; C. ambromoidrii and Botrifs also have 
an aromatic, antispnsuiodic essential oil; Chfnopodium (^u^noa forms tubers 
like potatoes, which are eaten in Peru. Salmla Salw)mia herhacea^ 
and other species (Glass-wort), with species of AtripleXf Schoheriaj &c., 
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abound in salt marshes, and were formerly much used in the preparation 
uf barilla, ^icveral species of Cheno})**(lium and AtHplex abound in waste 
places, Ibrraiugf, with '\arious kinds of Dock {llumex)j Polygoniimy and 
Urlica (Isettle^, the must conspicuous iveeds of neg^lected cultivated 
ground. 

13a8Kt.i.ace^ are a small Order of plants closely related to Chenopo- 
diacece, chiefly dislingiiislied by the presence of a ddiible, coloured perianth 
and perigyuoiis stanieus : they are tropical climbing herbs or shrubs. 
Some species of Baaella are used as iSpinach ; Ullucus tuberosus has a 
tuberous root, used in lVu*u like the l^otato. 

Phytoi.accacka-j prop(jr are nearly connected with Polygonaceaj and 
Chcno))udiaceie, difti;ring from botii in the frecpient presence of petals and 
of a number of cai'pels, irojii the former also in the absence of stipules, 
from the latter in the stamens exceeding the lobes of the perianth. 
tolaccffp ptuMs into l*etwvriecc by the occurrence of o siiparate cariicls in 
Giesekia^ while liivinia has little peri^perm j the Pefiveneof would thou 
connc'ct this Order with the 8apindtu.‘e.-e and their allies, while the 
columella of the Ggnu^tmumefe Wi)uld mark a distant aflinity with the 
Malvacem . — \ small Order, scattered in all parts of the world, with 
pmpiU’ties mure or less acrid, purgative, or emetic. 

Pau()nychiacea<3, sometimes placed in this group, are treated of pre- 
viously neiu' (Jaropliyliacem. 

PpiTiVBUiKiE, separated by some authors, have stipulate leaves, single 
ovary, aperispermic stjeds, and a straight embiy o wdth convolute coty- 
ledons; and ClYiiosTKMONKAS have exstipulate leaves, unisexual llow'ers, 
the carpels arranged round a columella, twin suspended ovules, peri- 
sp4*rmic see«ls, with a hooked embryo having linear cotyledons, and an 
inferior radicle. The last two orders are included under Phytolaccacem 
by Le Mnuut and Decaisue. 


LAUKACE^E. Tue Laueel Ohpeii. 


Coh. Lauralcs, Bcnth, ct Hook, 

Diagnosis , — Aroiiiat ic trees or shrubs, with 
alternate simple exstipulate leaves, sometimes 
marked with pellucid dots, and flowers with a con- 
cave thalamus, regular perianth of 4-0 coloured 
sepals, which are barely united at the base, im- 
bricated in 2 circles in the bud, free from the 
1-celled o\ary containing I or 2 pendulous ovules, 
and mostly fewer than the stamens ; authors open- 
ing by 2 or 4 Jid-like valves (fig. 423) ; fruit a 
berry or a drupe ; seed without perisperm ; radicle 
superior. 


Fig, 428. 



stamen of Laurui, 
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Illustrative Genera: CVwwawowww, Bunn.; Caiuphora^ Neca; 
landra^ llottl. ; Sassafra^j Nees ; Tetranilicra^ Jiicq. ; Lam-ttn^ Tourn^f. ; 
Camjtha^ L. 

JlfllnltieB, fto. — The peculiar opiwulnto delnaconco of the anthers diatiii- 
p’uishes this Order from moat of the allied Monoehl«mvdeou.a jri'oiipa: from 
Atheroaperniacefle, which share this character, Lniiracem arc distin<;uiahed 
by their solitary carpel and pendulous o\’ules. The Ijaiiraceje have also 
ahiiiities with Mvriaticacem in the qualities of their products ; hut the 
Btnicture dilfers widely. CasRyfha is a rcunarknblo form, having a t.\vinin»: 
parasitic leatleas stem like CuActtfay boarinp;' true Lauraceous ilowers. 
The inner perianth is developed after the manner of a corolla simultfine- 
ously, the outi*r siiccos.sively like a calyx (Paver). In some Bnurels, e. ;r. 
Oreodaphiff, the outer antliers are infrorse, the inner ornvs extrorse. Tht‘ 
fruit of some jrenera is curious, ns that oi DehaaHWf which is borne upon 
a thickened peduncle, somewhat like that of Anacardhnn. The pollen is 
jrenerally spherical, without pores or hands. The solitary carpel issiune- 
times dividtid into several compartments by false partitions. The sub- 
divisions of the Order depend on the habit, position of fruit, number 
of parts to the flowc^r, uuisexuality or pohyamisiu, &c. 

Distribution. — A larpre Order, priiieipally found in cool situations in the 
tropics; one (Lwrtis wJjdM) is a natixe of Murope, and a few of i\r)rth 
America. Traces of th(‘m in a fossil condition are first met with in 
Eocene formations. 

Qualities and Uses. — Themo.st marked properties of these plants depend 
on the presence of aromatic, oils and Camphor ; hnl th»‘ hfirk of sonui has 
valiiahlo tonic and febrifnpre qualities, the timber of many kinds is valu- 
able, and the Order alfords a niimhor of edible fruits. True Cinnamon is 
th(i hark of Ciunamomniit zpi/hmicftm : ('iissia-hiirk is deriv(*d from C, 
Cassia and other species ; many ntluT trt*es of the Order are noted for the 
possession of an aromatic hark of similar character, and furnish false Cin 
namous in Si»uth Ameiica an<l other countries. Camphor is produced in 
the wood, branches, and leaves of Cataphora ojfici'narum, and is obtained 
by dry distillation ; some species of Cinnainotauai contain a considerable 
quantity of this sub.stancc. The aromatic fruits of some of the Lauraet*nx 
Simisli false Nutmeprs, the Clovo-iiutniejErs of Madaprascar beinpr the seeds 
oi AtjathffphyUum aroaiaticttmjXhr Brazilian Nnlmeprs tlio.so of Cn/pto~ 
carya mosvhata, &c. The hark of Nectandra Roditsei, the Bibiri of Guiana 
(from which Warburjr’s Fever-drops are made), is said to be a valu- 
able febrifuge;; the hark of the root of Sassafras officintde is highly 
esteemed in North America for its diaphoretic powers: RtniZfjin odt- 
riferum has similar properties, and the oil of its aromatic berries is 
stimulant. The fruit of Persra yralisnima is the highly praised Whjst- 
Indian Avocado Pear ; it contains much fixed oil. The timber of Nec- 
tandra Ritdim is the Green-heart wood of Guiana, remarkable for its 
hardness and solidity ; Persea indica furnishes a kind of coarse mahogany 
in the Canaries. Camphor-wood is sometimes used bv cabinet-makers oh 
account of its odour. Jjaurus ndtUiSj the Bay-tree or classic or true Laurel, 
is a native of the South of Europe, and is hardy in the south of England ; 
its aromatic leaves are used for flavouring confectionary. The.se must 
not be confounded with those of the Cheny-laurel, a I^unuSf and not a 
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true laurel) and which contain much hydrocyanic acid. A concrete green 
oil, called Oil of liays, in obtained from the true Laurel leaves. 

t 

Tlie ATUKiiosjMuiMACKiR nre trees like Moriiniincero, but with the 
flowers sonuitimes perfect, tlje anthers opening by lid-like valves, and the 
perisperinic seeds erect; the mils are enclosed in the tube of the perianth, 
and the persistent styles grow out into feathery awns, whence the plants 
are called IMume-niitniegs. They are chiefly iistinguished from Moni- 
niiacem bv their anthers, which resemble those of Lauracere, from which 
they are iistingiiished by the apocar])ons ovaries, the diclinous flowers, 
niul erect perispcrmic sec'ds, and are allied to Myrislicaccm by the dicli- 
nous ilowers and aromatic jjerispcrniic seeds. I'lie valvate anthers hero, 
as observed by Dr. Hooker, indicate aflinity to Herberacem rather than to 
.Lauraccic. — Two of the genera, Xowre/m and Atheronperma, are natives 
of Australia ; J)on/phora is (.Uiilimi ; tiny have fragrant propeidies, and 
a decoction of the bark of A. moschata is sonietiines used as a substitute 
for Tea. 

MomMiACEA3 ai‘e sometimes placed in this neighbourhood, but have 
been treated of formerly (see p. 200 

M YlllSTrCAt’hLE (tuk Nttmeo Ohdeti) are tropical trees with 
alternate, entire, leathery, exstipuhite dottt‘d leaves ; llowera diclinous, 
apetalous, clustered or racemose ; perianth .S- or rarely 4-Hd, leatheiy, 
\alvate; staiuons of the barren flower distinct or monaJelpbous ; anthers 
JI-12, perfect, extrorse; perianth of the fertile flower deciduous ; carpels 
solitary or ntnnorous, rarely 2, and distinct ; ovules 1 in each cell ; Iruit 
succulent, conbiining a seed siirroiinded by a lobed arillus, and having a 
small ernbiTo in copious oily-lhjsby ruminated perisjierm. — ^Illustrative 
Genera: Mynmtica.Xi^ //yw/oit/emma. Wall. ; Kt/Ww, Aiibl. 

Aflinltlos, &e. — 'riic nearest relations of this Order are with the apocar- 
pous Thalainillorous Orders, more particularly Anoiuieen^, with which 
they agree in the doited l(;aves, vahMte mstivation, extrorse anthers, 
apocarpous ovaries and ruminated perisperni ; but tlie flowers are usually 
perfect in that Order. The structure of the stieds connects Monimiacem 
and Atherospermneejr with this Order; but they have opposite leaves, 
besides other peculiarities. 1’ho aril originates both from the hilum imd 
the micropyle. In many points they resemble ^ragnoliaceie, but diifer in 
the valvato calyx, absence of corolla, monadtdphous stamens, solitaiy 
carpel and ovule. 'J’lie resemblance to Sterculiacene seems to have been 
overlooke,d ; nevertheless there are many points of contact between the 

P resent family and the tribe Sterculiea*, in the apetalous unisexual 
owers, the valvate calyx, the inoiiadelnhous stamens, the arillato 
stmds. In their active qualities and habit they somewhat resemble 
Lauracese. 

Jplstrllmtion. — Tropical India and America; most numorous in the 
former. 

QualltleB and Usos. — Aromatic and acrid. The common Nutmeg is 
the seed of Myvistica moschata (Moluccas), Mace being the laciuiated 
arillus surroundinjr this. Coarse, interior Nutmegs are obtained from 
M, Otoba in Brazil, M. sptina in the Indian islands, and others of the 
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vHinierous American and £ast*Iudian species. The bark and the rind of 
the fruit are acrid. 

Nkpkntiiacejr are herbs or half-shrubby plants with alternate leaves 
which, when perfect, have a Ion" slalk terminating in a pitcher with an 
articulated lid. Morphol()"ieiilly the pitcher is (M)usidered to be a dilata- 
tion of a prland at the toj) of the luuirib of the yoiiu" leaf. The ilow^tM’s 
ai‘e dioecious, with a 4-inerou.s perianth j stamens coherent iti a solid 
column (as in Ci/fimtii ) ; anthers amuit 1(1, extrorse ; ovary free, -t-aiifrlod, 
4-celled ; seeds very numerous, attached to the sides of the dissepiments. 
Embryo in fleshy perisperm.-- The iidations of tliis Order are at pr(*scnt 
obsomre. !^^ost "authors connect them wdth Aristoh>chiiiet*ai. — They aro 
natives of the tropical rt‘g;ion of Asia, and one is foiiiul in Maila^ascar, 
another in the Seyehellea. They are eiiltivated in our stoves on account 
of their eurious and often beautiful ]dtcbers. TIn'se latter entrap, dis- 
solve, and digest insects and other animal matter, tlieir {rhindsconlainiiij^a 
digestive ferment capable of ac ting in the presence of an acid. 

OviKu’Ani'K^j are usually statioiieij in this vicinity, but have been 
already treated of under (hniibretaceaj, ante p. lM)2. 

THYMEIiACE.E. Thk I.acr-hahtv OiiDEfl. 

Coh, Daphnales, Benth. ci Hook, 

Diagmm . — Shrubs or trees wdtli an acrid and very tough (not aromatic) 
bark, entire leaves, and perfect flewers, with an*gular and simple, usually 
coloured perianth, beanng ordinarily twice as many stamens as its lobes, 
free from the 1 -celled, 1-ovuled ovary; seed suajuMaled; perispcTin none or 
sparing; radicle superior. ilhistrati\<i (fcnera: JJaphnej L. ; IHmeLa^ 
Ilanks Si Sol. ; Lagettu^ .luss. ; llvrnmuUa^ JMuin. 

AfllnltleB, &e. — Among the Mon(K*hhimydeoua Orders tliis may be dis- 
tinguished from Sautahu'em by its fiw ovary ; fri'in l'/lfr*iiguaceir by its 

I ierfeet or polygamous flowers and pendulous see<l ; from Lauraeeie by fh« 
ongitudinal dehiscence of the anthms; from l*J■otea^ef^^ by its pendulous 
seeds and imbricated ])erianth. The flowers are mostly pt.Tfeet, but ])oly- 
gamous in the tribe lIernuniUe<c. 1'he llower-tube is probably of nicep- 
tacular origin, ^flie liber is ilevelopeil in numerous separable layers in tlie 
bark of th<\so plants. 'J’he Order is divided into tribes according to the 
presence or absence of petaloid scales or glands, llermwliea; are by some 
•onstitut^d as a distinct Order, dilfering from Thyinelads in habit, struc- 
ture of bark, position of styles, and ^-seriate perianth. 

Distribution. — A rather large Order, most abundant at the Cape of 
Good Hope and in Australia, but found spiuiugly in all other parts of 
the world. 

Qualities and Uses. — The bark is usually acrid, and that of Mezereon 
(Daphne Mvsereum) i\i\A other plants is used as a local irritant; taken 
internally it is an inifent poison. Daphne Jjaureula^ the .Spurge Lauitd, 
another native species, has similar qualities — as also 2>. Gmdittm and D, 
powtka^ favourite garden shrubs, and other species. The liber of Lagetta 
lintearia (West Indies) is sopaiuble into lace-like laminee, whence it is 



336 


SYSTEMATIC BOTANY. 


called the Lace-bark tree, and the liber of some Daphnes furnishes useful 
fibres, and in other cases is manufacturod into paper. The berries of 
Daphne are poisonous; but the seeds of Inocarpns edidis are oaten roasted 
like chestnuts. Daphne^ Pimelea^ and soitie other jronera include many 
handsome cultivated plants, the perianth being petaloid. 

AQiJTiiAUT\rE.« are a small group of plants, of tropical Asia, included 
by some in Tliyiiieliicoio, but having a 2-ct*llod ovary, or, if 1-celled, then 
with 2-3 1-ovuled parietal placentas, and sometimes a 2-valved dehiscent 
ca])sulo ; one ovule is sometiTries abortive ; and the fruit in some cases is 
an indehiscent succulent borrv. — The heart-wood of Aqnilaria orata and 
A. Apallochum is known as Tl^aglo-wood or Aloes- wood, and contains a 
resinous matter of stimulant quality. — Genera : Aquilaria, Lam. ; 
nopsisy Giertn. 

KLyEAGNACEyK are shrubs or small trees with silvery-scurfy leaves 
and difocioiis or polygamous dowers ; perianth free from the ovary, its 
tube becoming hard or pulpy, i^id beny-like in the fruit ; stamens ns 
numerous us the lobes of the "perianth, and alternate with them, or twice 
as many; ovar}’’ 1 -celled, 1-seeded, se(»d ascending; embryo straight, 
with thin perisperm and an inferior radiido. — The species are generally 
diffused in the northern liemisphere, separated from the Thymelucea^ by 
the ordinarily difecious structure and the ascending ovule : Eloiaffnm, 
wdiicb has perfect or polvgnmous flowers, forms the link. From Proti'- 
acem thtiy are separat(5(i by the valvato caly.v and the indehiscent fruit. 
The pollen is triangular or ovoid (Mohl). The aciivfv scales upon the 
leaves are elegant microscopic objects. — The berries of llippophae rham- 
nmdeSy Sea Jhiekthorn, common on our sea-coast, are sometimes used in 
fish-sancos, but are said to have narcotic properties. Those of Elceagnm 
oriniUdis are eaten in Persia, and those of other s]>ecies in India. The 
flowers of some s])eeies are veiw fragrant. Traces of plants of this Order 
have been seen in Miocene and more recent deposits. 


PEOTEAGEiE. 

Coh. Lauralos, Benih, et Hook. 

Diagnosis , — Shriiba or sintill trees usually with umbellate 
branches: leavers hard, dry, opposite or alternate, exstipulate; 
flowers usually bisexual, apetalous ; periaiilh 4-cleft, valvato : 
stamens 4, superposed to the segments, sometimes partially barren ; 
anthers opening longitudinally ; ovary single, simple, free, with 1 
ovule, or 2 or more ovules in 2 rows, ascending or descending ; 
seedi^ without perisperm ; embryo straight ; radicle generally in- 
ferior. — Illustrative Genera: Prof«a, L. ; G'rmWi?®, E. Br. ; Ualcea^ 
Sehrad. ; BanJesia, L. fil. 

Afflnitieii, fte. — The Order is divided into two tribes according as the 
fruit is dehiscent or indehiscent. In JBeUendena the stamens are fi^e. In 
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Sinisia and some other genera the anthers are syngenesious. The ar- 
rangement of the stigmas and stamens to favour cross fertilization is often 
very singular. The pollen-grains are usually triangular, sometimes elliptic. 
The development ot the looes of the perianth is successive, not simultane- 
ous, hence the perianth may be consido|red as calycine. The remarkable 
habit of these plants is a striking characteristic ; and, besides the rigid 
foliage, we have the valvate perianth with the stamens opposite the lobes, 
'Und the radicle pointing to the bnaeof the ovarytto distinguish this Order 
the Thynielaceae and nearest JMonochlnmydeous Orders. The struc- 
ture of the stomata of the coriaceous leaves is very cunuus, and presents 
many modifications. 

Distribution. — A iargo Order, the species of which are found chiefly at 
tlio Cape and in Australia. Fossil Proteads have been found in Koccne 
beds, and those Dicotyledons arc among the 'first of which traces remain 
to us. 

Qualities and Um. — The wood is perhaps. the most iTiluable product 
of tliewe plants, being largely used for lirewood where they abound ; some- 
times it 18 used for joinery when hard wood is required. The striking 
character of their er^’ergreen foliage, and the brilliant colours of the heads 
of flowers, render tlieui great favourites in ciiltivatiou, and the genera 
above cited will he found in most large collections of greenhouse wubs. 
Macadamia temifolia furnishes an edible seed. ^ 


ETJPHOEBI AC®J8, • ' Ita Spuroe Obseb. 

Coh, Euphorbiale8,'*2?^7!<A. et Hook, 

Diagnosin. — Herbs, shrubs, or trees, mostly with a milky acrid 
juice, and leaves usually alternate and stipulate; monoecious or 
dioecious flowers ; perianth various or none ; the fruit of 1-3 or 
several 1-2-seeded carpels, united round a central column, se- 
parating when ripe : embryo straight in perisperm. 

Charajoier. 

Thalamus flat or concave, of prolonged. Flowers diclinous, axillary 
or terminal, sometimes Enclosed in a cup-shaped involucre. 
Calyx inferior, with internal glandular or scaly appendages, 
sometimes wanting. Corolla^ of petals or scales as many as the 
sepals, or wanting. Stamens definite or indefinite, distinct or 
monadolphous ; anthers 2-celled, sometimes opening by pores. 
Ovary free, sessile or stalked, 1-, 2-, 3-, or many-oelle^ ; styles 
as many as the cells, distinct or combined, or wanting ; st^^as 
combined or separate and bifid ; ovuUs 1 or 2, suspended from 
the inner angle of each coll beneath a prominent obturator” or 
placental outgrowth. Fruit dry, the carpels splitting and 
separating elastically from thib^ ftxis, or succulent and indehi- 
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scent ; seeds suspended, 1 or 2 in each cell, often with an arillus ; 
embryo in fleshy perisperm ; radicle superior. 

This Order is divided by Muller into two nuiin divisions, according to 
the size aud breadth of the cotyledons, the number of the ovules, the 
lestivatioii of the calyx, &c. IhiiUoii divides them according to the num- 
ber of the ovules in the first instance, the presence or absence of perisperm, 
the presence of ah ** obturator ” or process of the placenta, the sexual con- 
dition of the flowers, &c.' 

Iu-dsthativk Gjsneba. 

Ilura, Z. Jatropha, A7/i. 

Ilippomone, Z. Ricinus, Toiumef, 

(vaflebogyne, Z Sm. Kottlera, lioub. 

Mercurialis, Z. Croton, Z. 

Acalypha, Z. 

Affinities, ao.—A8 the more familiar forms of this Order are cither 
anetalous, or even destitute of a calyx, it is usually arranged among the 
Monochlamydem in elementary works; biit a large proportion of the 
exotic genera have the corolla represtmted either by scales or petals. 
The common Spurges (Jtluphorbm)^ the piincipal native rcpresentiitives of 
the Order, have a very remarkable inflorehcence, or cyulhium,’^ by some 
considered a# a simpfe flower; there is i^cup-likn involucre fcafyx ac- 
cording to Baillon, who reveM^ LinnaDUB*s original idea), within which 
are formed a number of^ fitan^ons on ai'ticulation in the fllament, 
together with a stalked tricarpellary ovhVy (fig. 4Si9), Each one of the 

Fig. 420. Fig. 4^. 


Euphorbia, Z, 
Oluytia, Z. 
Xvlonhylla, Z. 
I'fiyllanthua, Z. 



Fib 429. a, Vertical atiotioii of the involucre of F^pharbia L<ithyria» oonWninf; o»« stalked 
pistillate flower and six monandroos staiuiriitte flowers; atamiuate flowers 
of other species of JEuphorbia, tlte left-hand without a peruulthf the right with 
^ ^ a small lusrianih at the oaso of the stamen. 

riit' 480 . Monoiaxit trid«wtata . : a, involucre, with one pistillate and several staxninate 
^ flowers; 6, a separate staminate, c, a separate pistillate flower. 


stamens, accoiding to R. Brown anti many others, represents a male 
flower reducei to its lowest term; for a minute bract exists at the base 
of each filament, end in some species a perianth occurs at the articulation, 
which is, in fact, the base of the flower ; the ovary' in like manner repre- 
sents a female flower. This is well illustrated by the exotic genus ilfSno- 
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ta.rts ('fig. 430), where the cup-like involucre is replaced by pcales, and, 
instead of the jointed filameiits, we find several st:ilked male flowers, 
with perianth and stamens, surrounding one teniale flower. Wanning 
adopts lirown’s view of the naturo of the “ cyatliiiim,” and further 
considers the stamens cither as buds or as cauloines, each stameu repre- 
senting a distinct flower, and each of the five bundles of stamens in 
Euphorbia being a sympode. ^ 

TJjroois the oi*dinnry number of carpels; but’ MercunaUn has but fru'o, 
'and some exofic genera but one ; on the othecihand, 0 or even 1/5 (//f/r«) 
are occasionally present. 'J'he fruit is usually dry atfd ^dehiscent, hut in 
Sarvttcocra succulent. Itivinm has much divided stamens. Considerable 
variety of habit occurs; some of the foreigu Euphorbioi have fleshy, spiny 
stems, somewhat rasemhling those of the (Jactacoje, Xylopliplla nnd PhyU 
lanthm having leaf-like flowering brancJios ; and a number of large tropical 
trees belong to this Order. 

These plants approach very closely to Malvacom and specially to Ster- 
culiaceie, the composition of the ovary being ^inalogo us, and the stamens 
often munadolphous ; Aleuritrs^ Jatropha^ aud other g(‘uera liave a corolla 
mu(;h resembling Mai vacess ; and there is a further alKnity to UhaiiiuacecX*. 
On the other hand, looking to their diclinous, character and frequently 
incomplete flowers, they approach the IJrticacere, from which they are, ns 
a whole, distinguished Ijy tneif compound maries : siicli genera as Ere^ 
'iu/ocarp!^»^ having but one earp^ connect tlie two groups, •ftome of the 
genera have stinging-hairs like urlicaceajX'^a/ro/)//« ). 

lUstrltratloii. — A very lar^e ( Wer, generally dittused ov'er the globe ; 
especially abundant in Equinoctiaf America. A few species ai'e indige- 
nous to this country. 

Qualltiev end TJsef.-«These plants mostly produce a lactescent juice, 
which contains caoutchouc ; tlio watery part of this sap is generally more 
or less acrid, purgative, emetic, or powerlully poisonous, from the presence 
of a principle dissipated by heat; starch abounds in the roots of some 
kinds, while oil of a purgatiVe character is cominou in the seeds ; the bark 
of some of the trees has tonic properties ; the wood of several is very 
valuable for its hard close textui’o; and several f)f the plants furnish 
dyes. The lactescent juice oi Ileveq^ijiiphmia) elastivai^ the source ()f 
the bottle ” Oaoutchouc of *^rar.il and Guiana, nnd various other species 
of Iltvea also furnish it ; AteiHriten Jatiifrra yields Gum-hic in CVylon ; 
Euphorbia antiquorum afad.- J?. canariensia ore believed to yield the gum- 
resin called Kuphorhium. The common Spurges (Euphorbia) have pur- 
gative properties ; the root of E, Ipe.cacuanha is used as an emetic in North 
America; and the species of ilfarct/na/nr have .similar properties, especially 
M, perenniSy winch is uusaQs to use, since it pioduces violent purging, and 
even sometimes convulsions nnd death. The most deadly member of the 
Order seems to he the Manchineel (Hippomane MancineUa)^ a Panama 
plant, the juice of which is so acrid as to cause idceration when dropped 
on the skin, and its appic-like fruit haa a vesicating juice ; the juice of 
Ejt'cwcaria Agaihehum and of Hura crepitans has siiiiilar properties. The 
glandular hairs of MaUotm phUippinmaia fuiTiiah the drug known as Ka- 
mala, used for tape-worm and for dj^eingjpurpoees. 

The oily seeds are mostly purgative ^^Clrojpn oil is expressed from those 
of Ch*oi<m Tiglium and Pavam (East tndiSto) ; Castor-oil from those of 

z2 



340 


STSTEMATIC BOTANY. 


Bicinijui communis, in which the purgative property is found to reside in 
tlio embryo, not in the perispenn ; the seeds of Jlura crepitans and Curcas 
{Jat.roph<i) purgans, the Purging-nut,” are violent cathartics, and those 
of JCuphorbia Lathyris are sometimes employed in the same way. The 
solid oil obtained from the seeds of StUlmyia s^btfrra, tlie Tallow-tree, is 
used for maUing candles in China. Cascarilla hark, with tonic properties, 
is ohtaintMl from Croton Meuteria (Bahama'^) ; (\ pseudo-quina and other 
species have similar (qualities. Oldfieldia africana is tlie African Teak- 
tree. Croznphora tinctoria furnishes the dye called Tunisole; llottlera 
tinctoria (J^last Indies) a scarlet dye. The punj starcdi obtained by grating 
and wn.'^hing the roots of Jatropha Manihoi (Manihut utilismnd) forms, 
under the name of Maudioc or Ca.ssava, a moat important article of food 
in South Ainei'ica; the finer particles of standi, softened by heat, and 
afterwards granulated, constitute Tapioca. The washing removes a nar- 
cotic poisoinius matter which exists in the sap : the Indians dissipate this 
principle by lieat, simply roasting the roots. It is a shrub about 8 feet 
nigh, with a large root, soraetinms weighing lbs., and is cultivated all 
over the tropics, but especially in America. Numerous Crotons are grown 
f(»r their beautiful foliage. 

BrxArK.T!; constitute a very small Order, formerly included among 
Enphorbitu'epe, but ditTering in the absence of millty juice, in the loculi- 
cidul capsules, ovules pendulous from the inner angle of the ceUs of the 
ovary, micropylo superior and internal. The leaves of the common Box 
(liiu'us) are purgative ; the wood is specially used for engraving and for 
turners’ purposes. 

DAi'irNTi'HYLi.ACEiR sro Constituted by Miiller (of Argau) a distinct 
group, differing from the two .pfoceding in their small ombiyo concealed 
in perispenn, and in the ventral raphe. 

SoEi'ACKiE are a small group of Easl-Tndian plants, allied to Euphor- 
biiiccjc, but having the Howers in calkins, thus forming a transition to 
the Oupuliferaj and lietuloceto. — Genera : Scepa, Lindl. ; Lepidostaa^iys, 
Wall. 

Pen;eace-e are a small Order of Cape evergreen shrubs, related to 
Proteacene, but having a 4-celled ovary, 4 stigmas, and a 4-celled de- 
hiscent or indehiscent capsule. — The drug call^.Sarcocol has been sup- 
posed to be derived from some of these but this is doubtful, 

(letiera: Perusa, L. j Sarcocolla, Kth. ; Geisskorha, Lindl. 

LACi8TKMACE.fl5 aro Hi small group of shrubs belonging to the woods of 
tropical America, with altonmte, dotted, stipulate leaves, with apetalous, 
uolygnmous or diclinous dowers, and a 1-celled ovary with parietal 
placentas. Their position is doubtiul ; they have an amentaceous inflores- 
^iice, a perianth like tliat of Urticaceae, dlaments like those of Chlor- 
anthaceas, and an ovary like that of Samydaceao or Bixaceas, with arillate 
seeds as in the latter Order. 

Empbtbace.® are low shrubby eyejyreens, with the foliage and aspect 
of Heaths; the dowers are tmall, diclinous) the perianth consists of 4-0 
persistent bypogynous scales, the innermost sometimes petaloid ; stamens 
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2-3, alternate with the inner wcales ; ovary free, on a disk 2-0-celled ; 
ovules solitary ; fruit deshy, with 2-0 nuts; seeds 1 in each nut, aseuudiii^’', 
neriapermic; radicle inferior. — 'fhese plants have the appearance of 
hMcaceas, the fruit even being like that of Vocciniejc, while the stigmas 
and tlie general structure ot the flowers are Kuphorbiaccous ; but from the 
Euphorbiacete they differ in the ascending seed and inferior radicle. — 
They are mostly natives of or thorn Europe and North America. 
Hooker places them near Olacaceie. The leaves and fruit are slightly 
acid, agreeable ; the berries <jf Empetmm nipniniy the Oowberry, ai*e eaten ; 
the (ireeiihiuders prepare a fermented liquor from them. The Portuguese 
use the berries of a Corema, — Genus, JEhupetrum. 

IUtis MAiiiTiMA, a succulent shrub with opposite leaves, unisexual 
flowers arranged in calkins, is foimd in the salt marshes of the West Indies. 
The fruits are all fused in a mass with the bracts. It is sumetimes made 
the type of an Order, but is regarded bv Lindley as very close to Eiiipe- 
traceaj. Others place it near to 'J'amariscinem or Cheuopodiacem. It is 
sometimes used in West-India pickles. 


UllTTCACE.E. Thk Nettle Orleu. 

Coh, Urticalcs, Benth, et Hook. 

Diagnosis. — Herbs, shrubs, or trees with 8ti])ules and monoecious 
or dioscious or, rarely, polyguirious flowers ; perianth regular, free 
from the l-celled (rarely 2-celled) ovary, or absent ; stamens equal 
in number to the lobes of the perianth^ and superposed to them, or 
sometimes fewer, uncoiling elastically ; embryo straight in the 
})erisperm when this is present, the radicle i)ointing upwards. 

This Order is divided by Weddell into the following tribes : — 
1. elTiiiEiiEJi:, Leaves with stingiug-liairs ; leaves opj)osite, or if 
alternate arranged spirally; perianth of female flower 4-papted, 
rarely tubular, always free. Urtica, L. — 2. Piux;uijn].'B* Leaves, 
wiihout stinging-hairs ; leaves opposite, or if alternate distielious ; 
perianth of femiile 4lig,wer free, 3-5-parted; stigma brush-like. 
Filed, L. — 3. licEHM^jEUE/B. Plants without stinging-hairs ; leaves 
alternate or opposite ; perianth of female flower free or aclnate to 
the ovary, frequently tubular, rarely very short. Bejehmeria, L. — 
4. Paiiietabie-e. Plants without stinging-hairs; leaves alter- 
nate ; flowers diobcious or polygamous ; i)erianth of female flower 
tubular, free* Inflorescnmce bracteate. Pariektria. — rj. Fors- 
KdULiEjE. Plants without hairs or with hardened hairs; leaves 
alternate or opposite ; flow^ers diclinous, involucratc ; perianth of 
female flower tubular or wanting. Forskohlia. 

Afflnitlea, fte. — This Order is ncai’ly related to the Malvaceae, Tiliaceae, 
and Euphorbiacete on the one hand, and to the amentiferous Orders on the 
other ; difleiing from the foriner in the aiuijde ovary, from the lallier in the 
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iiMial proaeiifp of pcriaperm in the Reeds, and in tlio dowel’s not being 
aminged in ratUins. There is a further relation to the ( Mienopodiaeea}, 
which, however, besides the circuiustniice that they are only occasionally 
diclinous, Inivc the einbrvo curved round the outside of the perisperm. 
The pollen is generally ‘spherical. , The leaves abound in clusters of 
crystaYs contained in large cells (cystoliths). The leaves of Nettles are 
often oblique, the smaller lobe of the base of the leal* being directed 
tow aids the branch ironi which it springs, contrary to what generally 
happens in oblique leaves. * 

Distribution. — The TJriicem are generally diffused, hut are much more 
abundant, in the intoriropiciil regions thiiu elsewhere. 

Qualities and Uses. — Edible fruits and valuable iibres are the principal 
products of this Order. IMimeria ( Uiiicti) rnvea furnishes the tibre for 
Clhiiieso “ Orass-clotb,” lUiea or lltiniee ; li. Ihiya jlelds another valuable 
fibre; and the libro of llie Stinging-Nettle {Urtioa dioica) was fonnerly 
u-^ed ; U. tenai imma 1‘urnisbes cordage in Sumatra. The juice of some 
Nettles is extremely irritant. 

(l/^NNAHTXA(’K.’E constitiile a small group often in- 
cluded under I rlicaccjc, but differing in their stamens Fig. 401. 
not being elastic, tln ir elongated, not rounded, anthers, 
and in their curved nperispemiic embryo (hg. 4.'il). 
ily Llaillon they are phued with the Elms.— CtoTniaftis 
mtim furnisbos'the hemp of coimnorcc, which consists 
of the woody fibres of the plant sfiparated by macoration. 

(\ iiuliva yields a narcotic resinous product known as 
Indian hemp. Ihnnulm Lupnlm^ Uie flop, is w ell known 
for its aromatic bitter pruportios. 



ARTOOAUPiVOVhE arc Iroes or shrubs, or randy horbs, with milliy 
juice; nll(MUJile hiavcs, iisiially provi<led with convolute deciduous sti- 
pules ; diclinous Ibnvtns, males in catkins, tbmales in lioads or flat rccen- 
periniith .*>-4 -parted or none; .stamens not elastic; ovaiy 1-cellea ; 
* oVnltf -^ditarv ; piudsperm fleshy or none; embryo straight or curved; 
rndime superior. 

The Order is divided into two tribes ; — 1. AnTOCAiiPKiK, with stamens 
inlloxed in the bud, o. g. Artocai'pm. 2. MoHiR.s:, with straight fila- 
iiKUits, g. Fivvn, 

Ainnltlefl, Ac. — The niriiii difference between this gitiup and the Urtica- 
cete lies in the milky juice and general habit. 15y llaillon it is classed 
under TJlmaccm (see* tliat family). The inilorescence and fruit of thesis 
plants are curious : in Doraienia the flowers are embedded in the top of a 
tabular fleshy peduncle (fig. 148); in Ficftta enclosed in an excavated 
flaahy peduncle (fig. 147) ; in Mmim the female flowers are developed in 
a s(5t of capitulum, and suKsequently coalesce into a compound tieshy 
fruit, resembling a blackberry (tig. 307), but each pip is formed from 
a distinct ovary ; in Artocarjm^ the numerous flowers are crowded on a 
globular fleshy peduncle, wdiich enlarges into a large fleshy fruit, some- 
times weighing 30 lbs. Fkm Mica (the„ifenyan tree) and some other 
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species of the same genus are remarkable for sending down numerous r(K)ts 
from their branches, which strike into the earth and convert the tree into 
a kind of grove. 

Distribution. — The Artocarpacese constitute a large group, whose 
mornbors are almost exclusively tropical and subtropical in both hemi- 
spheres. 

Qualities and Uses. — Most of these plants have a millty juice, con- 
taining more or less of an aciid poisoii[ous principle' ftad, of caoutchouc. 
liroiiHuumietia papyrifera is the Paper-^Muloerry tree, the inner bark of 
which is u.sed for' making paper &c. in China and the South-Soa Islands. 
Anfiaris mcvMora has a fibrous bark, used for ('.ordage and matting, also 
Cecropia peitata^ lirosimunij &c. Caoutchouc is largely obtained from 
Cmtilloa elaaticaj Ficus el(Mica, and other species; a milky juice, of very 
nutritious character, containing nearly 4 percent, of tibrin and albumen, 
is obtiiinod iroxn>the Cow-tree of South America, JSrosimum {Firatinera) 
ufil(\ The renon^ned Upas-tree of Java is a large tree, Aniiaris toi'icaria, 
which has a ve^ poisonous juice ; and it is stated that linen made from 
its fibres, if baoly prepared, produces great irritation of the skin. The 
fruit of Maclwa aurantiaca^ the 0.'<ago Qrange, has an orange-coloured 
pulp, used by the North-American Indians to stain their skin ; the wood 
of J/. tinctoria is used by dyers imder the name of F iistic. Morm Ma, 
the White Mulberry, is largely cultivat(‘d in Italy and the East for feed- 
ing silkworms. Moms niyra yields the M ulberries of our goi’dens, Art<^ 
carpus vneisa yields the Bread-fruit. Dorstmia Cimtrayema was formerly 
esteemed as a tonic and diaphoretic. ^ The wood of Ficus i^yvormtrusj the 
8ycamore-hg, is very durable, and is inpposed to have been used fur 
mummy-cases. The seeds of the plants of this Order are generally whole- 
some and nutritious. 

Stilaginaceje constitute an Order of trees or shrubs, with alternate, 
simple, leathery leaves and deciduous stipules; flowers diclinous, spiked, 
with a single 2-, tl-, or /ii-parted perianth ; stamens 2 or more on a tumid 
receptacle ; anthers 2-lobed, dehisrung at the apex ; ovary free, 1-2-celled, 
eacjJi cell with a pair of suspended ovules; seed perispermic ; em1;>ryo 
straight; radicle superior. — These plants, natives of Madagascar ther 
East Indies, are nearly allied to Urtkecc, di liering chiefly in the j^vinate 
disk, inelastic stamens, and anthers bursting at the apex. Tlio dru- 
paceous fruits of AxtiMma ptihescem and Stilayo Bunias are subacid and 
agreeable. 

PiiytoCbenacbe: are an Order with somewhat obscure relations, con- 
sisting of a few East-Iudian climbing shrubs with a curiously organixod 
wood. They have diclinous flow^ ; but the rudiments of the abortive 
sexual organs exist in the flowers of both kindii, and the flowers have 
both calyx and corolla. They are sometimes included among the Arto- 
carpetCj but have seeds with abundant perisperm. Boutham and Hooker 

5 lace them witli Olacacese, but the allinity seems reipote. — Genera : 
ViyUunymj Wall. ; /oefcs, Blume, &c.. 
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ULMACE^ (thk Elm Obdisb) conasts of trees with watery juice, 
alternate stipulate leaves, perfect or 
moniJBciously polygamous flowers ; peri- 
anth free, membranous, campanulate or 
irregular ((ig. 432); stamens definite; 
filaments straight or moderately incurved 
in the bud; ovary free, 1-2-cefled; styles 
or stigmas 2; fruit a single samara 
(lig. 433) or a drupe ; seed suspended, 
with little or no perisperm ; mdicle 
superior. — Illustrative (Jenora : Tribo 

1. Oeltka-j. Ovary 1-celled. 6V/*V», 

Touriief. ; II. 11. K. — Tribo 

2. 1)lmka 3. 0^'ary 2-cellcd. Planera^ 

Gmel. ; Ulmun^ L. 

Afliiilties, Ao. — Tlieso plants, chiefly natives of northern countries, nro 
very closely related to tlie Artocarpocom and llrticacese, and are scai-cely 
distinguish(jd by any general character except the polygamous structuro of 
the flowers. 'JPlie pollen is ellipsoid with five pores (Mobl). They are 
timber- trees with bitter astringent bark ; Ul7nm campeah'is is Ibe common 
Elm-tree., U. ^mmlana the Scotch or Wycb Elm. CellxA amtralisy called 
the Nettle-tree, has a drupaceous fruit of astringent quality. 

PLATA NACEyE (the Plane Obdkb) consists of trees with watery 
juice, alternate palmately lobed loaves, sheathing stipules, and moncecious 
flowers in separate and naked globular heads, destitute of calyx and co- 
rolla, or surrounded by scides orbiistlos; the fruits consisting of heads 
of clavato 1 -seeded nucuhis furnished with a bristly down along the bnsi^; 
seeds solitaiy, rarely 2, pendulous ; embryo in very thin perisperm ; radicle 
inferior. — The Plane-trees {IHatamiity L.), natives of North America and 
the Levant, naturalized in our parks and souares, are chiefly remarkable 
for the beauty of thoir form and foliage. The stipules iu*e intra-axillary 
and sheathing, the petioles dilated at the base and concealing tlie bud, 
.owing’ to the fusion of the edges over the bud. The structure of the 
. inflorescence is amentaceous os regards an'aiigement and the absence of 
•envelopes ; but the ovaries are like those of Artuemyeoiy from which they 
are divided chiefly by the aclilamydcous flowers, the inferior radicle, and 
the presence of perisperm in the seed. 

Mybicacejr constitute a small Order of shrubs with resinous-dotted, 
often fragrant leaves ; moncecious or dioecious nchlamydeous flowers, both 
kinds in short scaly catkins ; staiiieus 2-1(5 ; ovary 1-celled, with 1 erect 
ovule ; fruit drupaceous ; embryo without perispenn ; radicle superior. 
They differ from the other amentiferous Orders in the simple and free 
ovary ; they are also related to Urticacero, hut differ in the amentaceous 
inflorescence and in the structure of the seed. Tliey haA'e many points 
in common with Juglandaceae, but differ in their nchlamydeous flowers 
and superior ovarjr. — They are uromatii; shrubs or trees, with tonic and 
astriisgent properties ; and wax, resin, and oil are obtained from them. 
Myrita' the Bog-Myrtle or Dutch Myrtle, yields an aromatic oil 
and secretes wax; E, ceriferoj the Wax-Myrtle, secretes a green wax; 


Fig. 432. Fig. 433. 



Fig. 4S2. Flower of XJUma, 
Fig. 433. iVttit of Ulmut. 
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Coniptonia a^plenifijlia ia used in cases of diarrhoea in N orth America. The 
fruit of Myrica sapida is eaten in Nepal. — Genera : Myiica^ Cumptmiia, 

BETULACEJ^ Tthe Birch Order) consists of trees or shrubs; 
moucBcious^ with both kinds of flowers in scaly catkin?, achlainydeuiis, 
2 or 3 under each brac^t ^scales of the flowers wliorled in Almts) ; ovui y 
2-celled, 2-oyuled, ripenin^ into a dry, 1-celled, 1-seeded, often wiiij^^ed 
nut, without a cupule ; seed pendulous, aperispermifi ; radicle superior. 
Illustrative Genera ; Betuluj L. ; AlnuSy L. 

Affinities, fto. — This small Order is distinguished from Cupuliferai and 
.Iu^laiidac(!;e by the free ovary, and the regular ot currt;nce of 2 carpels in 
the ovary, one cell,- however, being usually obliterated in the fruit. Eroiu 

Fig. 434. 


Fig. 435. 


Fig. 4.'W. iVlalM nnd female catkinM of the Birch. 

Fig. 4^5. tituuaroul fruit of tlu) iiircli (Jieliila alba). 

Salicacea; they differ in the 2 cells, and by the solitaj^ ovule in each cell. 
These plants belong chiefly to temperate nnd cold cliinatca ; Betula naiw. 
and Amm imuwi form dwarf shrubs further north tlmii any other woody 
plants, except some Willows. The bark is regarded as tonic and astrin- 
gent, and an einpyreumatic oil is obtained from that of the cominon 
Birches Betula alha and ylutiuosa, which ^ives tlie p(‘culiar odour to 
Ilussia leather, 'i’ho bark of B. papyruvea is ust*d for making baskets 
nnd many other articles in North America. The sap of B. alha, nigra, 
and lehia yields sugar at certain seasons. Alnue gJuiuwm is the common 
Alder; its wood is esteemed for work tb remain under water, and for the 
manufacture of charcoal; the leaves and female catkins are sometimes 
used by dyers. 

SALICAOEiE (the Willow Order) consists of dimeious trees or 
shrubs, with both kinds of flowers in catkins, one flower under each bract, 
entirely destitute of enyelopes, or with a membranous cup-like perianth 
(fig. 437, Bopulus) ; the fruit a 1-celled and 2-valved pod, containing 
numerous seeds clothed with lon]B^ silky down ; no perisperm ; radicle 
inferior. — Illustrative Genera : Saluv, L. ; Bopulus, L. 

Affinities, Ao. — This amentiferous Order, consisting of but two genei^^, 
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one of whicli, Salix, is rich in species, is at once distinffuisliable by the 
2-valved fruit having numerous seeds clothed with silky hairs. I’he 
:i-carp(^llary ovary and the inflorescence connect them closest with 
lletulaccic, Jiy .some they are placed near Taiiiariscacejc. — The AVillows 
(SSaliv) and I'opJars (^Pcpidns) belong to leniperate and cold climates. 
Some are valuable for their timber; the young shoots of Willows furaish 
material for baskot-work ; and the bark nns usually febrifuge properties, 
depeudiiig on the presence of Salicine. Popidus nig^a is the common 


Fig. 436. 



i catkin nf Willow. 

Fig. 4'J7. 6 male and $ female Aowor of JPojmlui, 


Black Poplar, of wlu<-h the Lombardy Poplar appears to be a fastigiate 
variety J I\ fmmda is the Aspen ; I\ alha is Iho Abele, or White Poplar. 
Salix hahyloiiica is the Weeping Willow ; Sallows and Osiei-s are the 
shoots from pollard stumps of !SaUx vitninaliny vUvUina^ iV:c. ; Salix adm is 
the ordinary VA’illow-troe found by river-siih's. \MUow-wood is used to 
some extent in turning, on account of its white colour, and it is esteemed 
lor making charcoal. 

CASUARINACE^] are pseudo-leaf) ess trees with pendulous, jointed, 
striated branches, the nodes soiiit>tiiiics wdtJi .short toothed sheaths (whorls 
of loaves) ; flowers in spikes, diclinous ; the barren flowers in loose spikes, 
with 2 bracts and 1 or 2 sepals, the latter adhering at their points ; stamen 
1 ; anther 2-cellcd ; the fertile flowers in dense spikes or heads, 
with 2-4 bracts; ovary 1-colled, with 1-2 asccmdiiig ovules; fruit a 
coll(;ction of follicles aggregated with the bract into cones ; seeds aperi- 
sperinic, with a superidr radicle. — The species form a small group consisting 
of trees of remarkable aspect, the branches having much tlie appearance 
of the branched Emiseta. The jointed ^tems and abortive leaves connect 
them also with E^edta among the Gvinnosperms, to which they approach 
also in very reduced character of tue flowers. The bracts or perianth- 
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segnienlfl are v<iriiible in number. The single stamen is eentral, and is 
considered to be a prolongation of the central axis. The ovary is, in some 
cases, spuriously 2-celled. They acquire large dimensions ; aiid tlie wood 
of their trunks becomes very solid and heavy. The greater portion of 
them are natives of iimstralia, where they are called Beef-wood trees, 
from the red colour of the timber. 

CHLonANTiTArF.iR Constitute a small Order, having the following cha- 
racteristics. Herbs or under shrubs with jointed stems swollen ut the 
nodes, opposite simple leaves with sheathing stallcs and minute inter- 
petiolar stipules; flowers in terminal spikes, achlnmydooiis, hemiaphro- 
dite or sonu'tiines diclinous, with a scaly bract ; stamen J, or, if more, 
coherent and defiDite ; in the hermaphrodite dower anther8t,d, 2 hitfu-al 
1-celled, median 2-celled; ovary 1 -celled, l-seeded ; seed pendulous; 
embryo in the apex of fleshy perisporm ; radicle inferior; cotyledons di- 
varicate. — Mearfy reliajbed in general character to Pipiu-acoa*, but diliering 
from them and froih Saururacem in the absence of the double endospenu, 
the embrVO being without the ** ainuiotie sac ; there is a miirc distant 
relationsnip to XJrticaceae, and perhaps some ailinity to Ijoraiithacea'.— 
The plants are tropical, commonly have fragrant properties ; and the roofjs 
of Chloranthm oj^mnalia and hrachystachya are eslcemed as itmic, febri- 
fuge mediciiu's m the West Indies. The species of IMytmimnn liave 
similar properties. The leaves of ChlorantiMs i/wuiiHpicmiit are occasionally 
used to flavour Tea. 


PlPERACEiE. The Pkppeii Ohdek. 


Cuh. Piporales, Bvnth. et Jlook, 


IHnffjwsU , — Shrubs or herbs with jointed stems, opposile, 
whorled, or, by suppression, alleriuite le;ivi‘s ; stipules absent., iu 
pairs, or singly opposed to th(‘ alternate leaves ; p. 
fiow’ers spiked, hermaphrodite or diu*i;ioii8, achlaray- 
deouH, in the axil of a bract, with which tlu^y are 
sometimes confluent ; stamens 2 op more; anthers 
1-2-cellcd ; ovary free, simple, 1-celled, with a single 
erect orthotropoiis ovuh» ; fruit somewhat fleshy ; 
seed erect, with the embryo in a distinct sac (am- 
nios) at the top of copious perisporm ; radicle supe- 
rior. — ^Illustrative Genera ; Beperomia, R. & P. ; 

MiuTojdper, Miq. ; Cliavim, JVJiq. ; Cukeba, Miq. ; 

Artanthe^ Miq. 



Section of seed 
of I\ptr. 

Piper, L. ; 


Affinities, fto. — The stems of some of the Piperacete present so irrt*gular 
a form of arrangement of the wood, that some authors have regarded 
them as belonging to the Monocotyledonous class ; but this structure is 
not exactly that of the Monocotyledons, and they have a dicotyledonous 
embryo and reticulate-veined articulated leaves; they may, however, - 
be regarded as connecting the two dasses throi^h Ar^ese, themselves 
somewhat anomalous forms,, of Monocotyledons. The chief peculiarity of 
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the wood is the presence of woodv bundles (sometimes forming a complete 
ring) in the pith. 'J'lio tribe P^fieromivce ure said by C. de Candolle to 
have no cainhium ring. The Pifm'ie nlwnys have a cambium ring. 
Their nearest relations are Chloriinthacea) and Sauraracea? ; but they 
differ from the former in the sac of the embr) o, the erect seed, and the 
alternate leaves ; from the hitter in the siniphi ovaiy and the absence of 
stipules. They are more disbmtly related to Crticactm 

Dlatiitoatlon . — A large Order, the species of which are for the most part 
tropical ; must abundant in the hottest parts of America and of the Eaat- 
Judiau islands, in damp situations. 

Qnalltlos and Uses. — Ihingent and aromatic, more or less astringent 
or narcotic. ‘"Jtlack l*cpper consists of the dried fridts of mf/nnn] 

White Pepper is the same with the fleshy epicarp removed by washing. 
T^oiig Pepper consists of the dried spikes of ('liavica Rod'himjhii (7V/;<?r 
Itmijum ) ; other spc'ciesof Chitmoauve used in Iiidin and Tropiiial America, 
with Artanthe adiniva^ I’tc. The heaves of Chaviva Bvth are chewed, mixed 
with slices of the Pel el Nut (Arrra ohravra) and lime, by the Malays and 
other Indian races. 'J'he ripe fruits of Cuh‘ha ftffirinalis, emuna, Wallichii^ 
itc. form (hibebs, or (hibebs Pepper, and have aromatic, stimulant, and 
purgative projau'ties ; Artanllw clontjata and admica are said to liave 
^imilar virtues. Miurropipcr 'mHhystmtmf the Ava or Kavaof the South- 
yea Islands, has po\v(jrfuI narcotic properties. The leaves, or powdered 
leaves of Artanthv vUmyata jire also esteemeil as a .styptic, known by the 
name of !Matico, in South America (other plants aio also called by this 
name, such as Eupaturivm (jlidinosinn). Most of the plants of this Order 
poss(*8S some of tlie above iiroperties, more or loss powerfully nnirked ; 
AHanlhe crucafa yields a yellow dye, obtained from the spikes of fruit. 

SAiTiuiiAn^ji*: constitute a small group of aquatic or marsh plants 
of North America, China, and North India, related to Piporacem, but 
difl'entig in the (*ompouiid ovaries and stipulate leaves audAvood destitute 
of bundles in the pith. They arc more or less acrid. aSVjm/vov/s cvmum is 
sometimes used iu medicine, au irritating cataplasm being made from the 
root, 

CK«ATOi’iivLLAri:-i3 are aquatic herbs with wliorled, finely dissected 
leaves, and minute axillary ami sessile monoecious flowers, without floral 
envelopes, but with an 8- 12-cleft involucre iu place of a cal vx ; the fertile 
flower IS merely a simple l-celled ovary, with a suspended orthotropous 
ovule ; the seed tilled J}y a highly developed embryo with 2 cotyledons and n 
conspicuous plumule ; radicle very short, inferior. — The genus Ceratuphyl- 
hnn^ of which some autliors Jeaeribo 0 species, while others reduce them 
to 1, constitutes this Order, consisting of aquatic plants with whorls of 
leaves, and having almost the appearance of .some Confervoids. The relations 
ofXWatophyllnm ai’e obscure : it has bjwi connected with the Ifaloragacem 
from its resemblance to MynophyllmUf AAdiile Lindley places it provisionally 
among his Urticoles, and llaillon refers it to PipTeraceje. The most i-e- 
markable point is the structure of the seed, which is aperispormic, and 
consists principally of 2 fleshy cotyledons, inside which stand a decus- 
sating pair of leaves, and within these, surrounded by withered eudo- 



INCOMPLETJE. 


349 


sperm-cells, is the plumule, bearin^f the whorl of leaves separated by a 
short internodo from the st^cond pair. In the highly developed state of 
the plumule they resemble Nehwibium, They are found in ditches, &c. 
throughout the northern hemisphere, and they have no active properties. 

CAhi.iTRinHACEJE are small aquatic annuals, with opposite outin^ 
loaves, and solitary polygamous axillary flowers, without any proper 
floral envelopes ; stamens 1 or 2 ; fruit 4-lobed, 4-colled, 4-seeded ; seeds 
pendulous ; embryo inverted in the axis of fleshy perlsporin ; radicle very 
long, superior. — his Order consists of the genus iJallilnchef comprehend- 
ing the Stnrworts of our freshwater pools, of which 0 species occur in 
Kurope and North America. Their flowers are so simple that it is diflicult 
to settle their aflinities. Some regard them as related to Jlippuris, among 
the Ilaloragaceaj j hut they appear to be truly achlnmydeoiis, wIumich 
others consider them allied "to Kuphorbiaceae, from which they differ only 
in tlioir 4-lobed ovary and in the structure of the seed. They have no 
kiiowu properties. . 

PonosTEMAOEiB are aquatics, growing on stones in fresh running 
water, with much the aspect of Seaweeds or Mosses; the minute flowers 
bursting from a spathe-lilce involucre ; perianth 0 or of •*! sepals ; stamens 
1 or many, hypogynous; ovary free, compound, 2-?l-celIed, with 2 -3 
stigmas ; ovules numerous ; fruit a many-soeded, ribbed capsule, the pla- 
centation of which is axile or paritdal ; seeds nperispermic, with a straight 
embryo. — This is a group of vorv curious plants, having a distinctly Dico- 
tyledonous embryo, but much tlie habit of the Monocolyledonous Naia- 
(laceae. Lindley regards them as related to .Kbitinacefe, or possibly to 
Plantaginoceas, W way of Liftori‘lIa, JhjdrofdacMj^ is diclinous, the other 
genera perfect. In some of the genera t here is no real distinction between 
stem and leaf, the structure beimr anah)gous to a lliallus. They are most 
uuinerouH in South America ; some o(tcur in India ; tnio in North Ame- 
rica. They have no active pniperties ; but some species of Lavin are used 
for food on the Uio Negro and other parts of South America. 


Series 2. Infeuje or Epig yn.e. 

Ovary inferior. Perianth more or less distinct in the male or 
female flowers, or both, sometimes none or very indistinct. 

JUGLANDACEJE, The Walnut Obber. 

Coh. Quemales, 7/ao^^ 

JMagmiis , — ^Trees with alternate pinnate leaves^ without stipules : the 
sterile flowers in catkins, with a simple scale or an irregular perianth ; 
the fertile solitary, or in small clusters, with a regular 3-/>-iobea perianth 
adhering to the incompletely 2r4-c^ed ovary, witii only 1 erect ovule. 
Fruit consisting of a dehiscent hnflk endosing a woody shell, containing 
a large 2-4-Iobed orthotropous, aperispermic seed; cotyledons oily, 
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tfinuoiiR ; radicle ahort, superior. — Illustrative Genera : Jut/lans, L. j 
Cai'ya, Nutt. 

AfflnltlM, aie.-~A small but well-marked ffroiip, nearly related to CJupu- 
liferte, but difierinfc in the uulitary ovule and in (.be abscmce of a ciipule. 
From the resinous juices and pinnat^e leaves, they have been regarded as 
allied to Terebinthacefo ; but tlio hitter have petals, a free ovary, and 
curved ovule. The Walnut (JwftanA regia) is a well-known, example of 
the Order. The wood of this, as well as of J, nigra^ is valued by carpen- 
ters. ^I'he nuts of J. cincrea are called Jhitter-nutfl in Canada, (.^arga 
alba, the Hickory of Norlli America, has touj^h, elastic wood and an 
edible nut, as also has C. olmftrrmis. 


CUPULIFEH.F:. Tjie Oak Obdeii. 

Coh. Qnernales, Hook* 

DiagtwsiA, — Trt'cs or shruba with alternate simple feather-veined leaves 
and di^eiduous stipules ; moneecioua dowers, the bari'en in catkins or 
clush-red, tlm fertile solitary or clusteT<‘d and rurnishod with an involucre 
which forma a imp or coverinj? to the tlowors ( lijr. 439) ; stamens 5^ 20, 
inserted at tlu) base of scaloa or of ii. nn'iiibranoua piirianth ; $ ovary 
crowned by the rudimentary tooth of an adherent calyx, 3- or more celled 


Fi^^. 439. Fi»r. 440. 



Fig. 439. Quervw : a, vertical section of fcnmlo flower ; 6, cross section. 
Fjg. 440. Opened involuuru_with two flowers of Custanea. 


(fijr. 440) ; stiffmas nearly sessile ; ovulea solitary, or 2 in a cell ; fruit a 
nut, 1 -colled by abortion, woody or leathery, moro or less enveloped by 
the involucre (ciipule), containing 1 or 2 seeds (the rest being abortive), 
destitute of perispcmi ; cotyledons largo and fleshy ; radicle minute, supe- 
rior. 


ILLXTSTRATI^^? GkNERA. 

Tribe?*!. Eu-Cupulifkrj?. Male fioxrci's with a petnanthj female perianth 
Mohed; ovory 2-4S»celled ; fruit of \-l^~8eeded nuts, in a hard or thick 
eupule or involute, Quercus, L, \ Castanea, Gtertn. ; Fagus, L, 
Tribe 2. CortIjACE^. Male Jlouxre with a eingh scaky female perianth 
irregidarly lobed: ovary ^ -celled tcitlt 2 pendulom fwiifes; fruit a nut 
in a foliaceom mysahtcre, Carpinus, £. ^ Corylus, Z. 
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AfflnltfAH. fco.— Related to the Urticacete, but differing in the inferior, 
manv-cftlled ovary, and in the character of the fruitu and Roods. From 
Betiilacom and Salicacofe, to which thoy are closely allied, they are sepa- 
rated by the inferior position of the ovary. Brongniart indicates an 
affinity with Pomaceee. Some authors separate the Oorylnc(*ro from 
Cupuliferfe by reason of the achlamydeous male flowerfl and of the leafy 
cupule of the female flowers of the former. In the Hazel (Cort/hts) at 
the time of flowering the female flower consists of ovary begirt with an 
adherent and scarcely perceptible calyx, and siirmoiinted by two styles. 
"The cells of the ovary with their ovules do not appear for mouths after- 
wards. The pollen is generally roundish or ovoid, with throe plaits. The 
cupule of the Oak seems to be the dilated cOnc.ive end of a branch ; the 
scales represent stipules. The maturation of the acorns takes place in 
one year, or not until the second year after formation. The rind of iiu 
acorn, chestnut, or" beech-nut, and "the shell of a filbert, are the hardened 
and consolidated calyx-tube and ovary enclosing the (by abortion) soli- 
tary seed, 

Diatrlbutlao. — A large group, the moml)orB of which are for the most 
part natives of forests of temperate climates, 

Qualities and Uses. — Tiinher-treos of great importance, some also having 
edible fniits ; the bark and other ports more or less oslringent. 
a very extensive genus, includes Q. British Oah, of which tliere 

are two varieties, Q. nesnlijlora^ Durmast, and Q, pcdunculufa. (), Suher 
furnishes cork, which is a thickening of tlio cellular lavtu’s of the outer 
bark, which increase year by year, and we separated by deep-coloured 
periderm-cells. The outer rough cork is called the male cork ; the inner 
cork-cells near the liber are much finer and constitute what is called the 
female cork. The cork is removed about once in seven years. Q. Mjilops 
has large rough cupiiles, extensively used by dyers under the name of 
Valonia ; Q. coccifara is the Kermes Oak ; Q, tinefonn furnishes Quer- 
citron Bark ; Nut-galls are produced by the attacks of an insect on Q. in- 
ft'ctona; Q. Ilex is the Holm Oak. or Kvergreen Oak of our shmbberies. 
Bf 3 tween 200 and 300 sp(jcies of Qnercus exist, some of which have edible 
fruits. The leaves of Q. inanniftra exude a sugwy substance ; Corylwt 
mellana is the Filbert or ITazel"; Cmfanea ve^ca the Sweet Ohestnnt; C, 
americana produces a smaller nut; Faytis the common Beech, 

has a valuable hard wood, fis also Carpinm Betidm, the ITombeani ; and 
Odrya viryinica is called Tron-wood in North America. Oil is obtained 
by pressure from th(5 seeds of the Beech and the Hazel ; the Nut-oil of 
the latter is largely used by painters. 

GARRyAOK^. — A .small Order of shrubs of North-west America, and 
having amentaceous inflorescence, unisex ual flowers, a 2-4-parled perianth, 
definite stamens, and a l-.‘l-celled inferior ovary, with 2 pcmduloiis ovules ; 
seeds with a minute embryo in abundant perisperm. They differ from 
llamamolidacem in their apetalous flowers, definite stamens, and baccate 
fruit. }3y Bentham and Hooker thoy are included under Comacete. 
They ore also allied to Gumtera in Araiiacem. 
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LOEANTIIACE^E. The Mistletoe Oebeb. 

Coll, Santalales^ Benth, et Hook. 

Hiagnmn — Shrubby plants with leathery frreenish foliagfe, parasitic 
(naturally grafted) on trees ; loaves opposite, exstipulato ; flowers perfect 
or diclinous ; perianth arliierenl, with 4~8 lo})es ; stamens 4-8, superposed 
to the segments of tlie perianth ; ovary inferior, 1 -celled, with 3 ovules 
pendulous from a frjie conlral placenta, or 1, eroct, arising from the base 
of the cell ; fruit succulent ; seed 1 ; embryo in fleshy perisperni ; radicle 
remote from the hilum. — Illustrative Genera : Vi^cumy Tournof. ; Loraiv- 
thm^ L. ; Myzf^dvndrtm^ Sol. 

Affinities, &o. — ^'hese reniarkablo plants are distinguished by their 
poculior parasitic liabit. Tlii*y are nearly allied to Saritalacem, present- 
ing, like that Order, a nukod nucleus as the representative of the ovule, 
and are fiirllier clisiractoriz'*d by the strange (!v1 fusion of the apex of the 
embryo-sac before or after fertilization, llesides the curious structure of 
the flowers, they have an aiionialoiis organization of the wood^ which has 
no mtidiillary sheath of spiral vesstds, but contains scalariform tubes. The 
germination of the seeds exhibits aoine interesting phenomena : in Jlscum 
the seeds adhere to the young shoots of trees by means of the viscid pulp 
of the fruit ; in Mifzodendron tlujivi are long featliered processes, which 
coil rojind the branches on which they settle ; in cither case the seeds are 
retained in contact with the surface of the shoot upon which they rest, 
whore they germinate, and nush th(nr radicle tlirougli the bark down to 
the canihium-layer, with which they contract an organic adhesion and 
become gi'afted, just as a bud does in the ordinary gardening operation of 
budding Hoses, ic. According to Van Tieghtnu the stamen and the sepal, 
and the carpel and the ovule each correspond to a single loaf, the one 
organ Inung a deduplication from the other. I’lio male flower consists of 
four leaves in decussate pairs, each pollen ifcroiis upon the upper face. 
Ill the female flower the ovule is reduced to an ombryo-sac, which is a 
cell of the pareucliyma of the base of the third pair of bracts or carpels. 
The embryo of Viacum docs not appear for several -weeks after the appli- 
cation of the pollen. Two or more embryos occur sometimes in one seed 
and become united together. In lAtranthus no trace even of o\iile is ob- 
servable till after fecundation. Nut/tsia has four cotyledons, or perhaps 
two deeply divided. 

Distribution. — A large Order, of w'hioh some are European, as Viscum 
album and Loranthu^^ europcewi ; the majority belong to the hotter parts 
of Asia and America; Myzodendron belongs to the temperate parts of the 
southern hemisphere. 

Qualities and Uses. — Some of the plants have astringent properties ; but 
the most important product perhaps is the viscid pulp of the fruit of 
alburn, which is used mr maldng bird-lime. The curiosity attach- 
ing to the parasitic habit is the most striking feature in this O^er, most 
of the plants growing like our common Mistletoe, Viscum album -y this 
appears capable of grafting itself a wide variety of trees, being most 
common on the Apple-tr^ with us, but occurring on Thoms, mllows, 
Limes, Oaks, Elms, and eiven on Fir-trees. 
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SANT All AOE/E (tiif. Sandal-wood Order) consists of horbs, 
shrubs, or trees with entire leaves ; the 4-5-eleft perianth valvato in llio 
bud, its tube adherent to the ovary. Stamens superposed to the iob-s of 
the p(>rianth ; ovary 1-cclled, with 2-4 ovules suspended from the apex of 
a tri‘e stalk-like central placenta, arisinj? from the base of the cidf ; the 
iudehiscent fruit l-s(>eded ; H(>.ed with abundant perisperm filling the peri- 
carp ; embryo straight ; radicle superior. — Illustrative Genera : 2'/iesium, 
L. ; Onyrisj L. ; Suntaluiny L. 

Affinities, Ac. — The definite^ pendulous ovules, consisting of a naked 
nucleus attaclied to a free ctmtral placenta and protruding the embryo-sac 
bef«)re or after fi'rlilization, ar(‘ very nu^iarkable and striking characters 
in this Oidri*. Tlie entire scj'd is formed in tlj<; I'mbrj'o-sae, outside the 
nucleus. Van Tieglioni thinks that the stamen is not autonomous, but is 
a production from the sepal, lie also thinks that the placenta is a dedu- 
])1ication from tlie ovary, and that llie ovule is the h'rmiiiation of one of 
these appendages, one for-each of the thret' carpels. Ikiillon considers that 
tlie perianth (»!' Tkemnn and a corolla by reason of the siiuulta- 

neous, not successive, evolulion, &c. 'Phe “ ealycode is an expansion of 
the re.Cf‘ptaclo. The nearest rclulioiis an* probabl}' with tlu^ Loranthaciwo, 
which, however, differ in luibil, being st(*iu -parasite ‘s, and having less 
complete and somet imes imperfeet flowers. Thvnium is partially ]>araHitic 
on tile roots of other ])laiits. 'l'lu»re is a moi’e remote relation to Olacacem 
and allied Orders in th<i perianth and ovule. 

Distrilmtloii. — A small Order; the Kiiropoan and North- American 
species are iucoiispicuous herbs ; in India anu Australia they are shrubs 
or small trees. 

Qualities and Uses. — Sandal-wood, the wood of Simfahnn nlhuin, is 
pel baps th(* best-known production of this Onh'r. Tim seeds of the 
(^uaiidang Nut annninattiH) are eaUm like almonds in Australia. 

Soiiits species are astringent. 


I5ATjANOPlIORACR.tE ai’e root-parasih*s with amorphous fungoid 
stmus, di'stituto of leavt's, never green, witli jlt\shy subterraneous rhizomes 
or tubers, and naki'd or scaly peduncles bearing Mpik(*sof flowers; flowers 
mostly unisi'xual ; male flowers conspicuous, with a tubular entire, slit, 
or **l-§-lobed perianth, valvate in the bud ; stamens usimllv more nr 
less connate, or distinct ; female flowers very minute ; piTianlli with the 
tube adherent, and mostly without a limb, or 2-lippeil ; ovary inferior, 
mostly 1 -celled ; styk's 2 ; ovule solitary, pendulous fruit a small, com- 
pressed, 1-seeded nut ; seed with hard granular perisperm and a hitoi‘ol 
amorphous embryo. — Illustrative Genera : Balawmhvray Forst. ; Cynmno- 
rimuy Michel. ; ^rcophytCy Sparrm. ; lIvloHUj ilicn. 

Affinities, AOi — The peculiar parasitic habit and fungoid textliro of the 
plants of this and the two succeediug Orders have induced many authors 
to separate them from all other ^lowering plants as a distinct class ; but 
the grounds of this sc^paration seem untenable : parasitism <K*curs in plants 
of the most varied structure, and this character of habit is not even of 
ordinal value. The structure of the stems of Balanophoracefo is merely a 
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(lej^aded fonii of tho Dicotyledonous typt! ; and the flowers in like 
manner provided with all the real essentials of the Phaneroj^iumuis struc- 
ture, since tho ncotyledonous embryos, upon wliich stress has bofm laid, 
occ‘ur in Orubunchaceai, ()rchidac<**e, and various other Orders. Tlio 
vascular tissue of tin* parasite is continuous with that of tlio host-plant. 
Stomata and luiirs are alike acai’ce in these plants. Hooker, who has 
elaborately investip-ated this OrdtM*, regards them as havinjf aflinity, 
in their floial structures, to the Ilaloragucem, w'hen‘, as in Ili/jpuris^ wo 
find in plants not parasitic a reduction of the parts of tli(» flowers as C(»m- 
])l(‘to as that in Ci/7iomorium. They are closely related to (Jnnnera ; but 
diller in their parasitic lialat, absimce of leaves, itc. Tin* oviik- ot these 
plants is generally reducf'd to a uniei'Uular nucleus, and that nucleus di‘8ti- 
tute of coats. — 'Tiiey oclmii- on the roots of various Dicotyk donous tre(*s, 
chicdlv on the moiiiitaitia of tropical countri(‘s, esptcially tin* Andi s and 
th(^ itimalayas: a few occur at the (kipe and oilier parts of Africa, and 
some ill Australia. C^noinoriutn is Ibiiiul at Malta, North Africa, tlie 
J^evant, and the Canary Islands. 

Qualities nnd Ubos. — M any of tlu‘ plant.s .secern to have styptic; qiialitic'S ; 
(Ufnomvnum corciunwi was t(»rinerly highly valued by surgeons for this 
purpose', iiiidc'r tlu' name of lutntftta nwfifrnais. Its radicle is directi-d up- 
wards ill geriniiiatioii (Weddell). Some have a very disagi'ccablc odour, 
others are eab ii like J\I uslirooms. 

Cytina(m^a<: are root-parn site's of fungoid tc'xtuns with fiowcTs perfect 
or mona;cious, solitary and sessile or clustered at the c'lid of a scaly 
stem ; peiiaiith tubular at the base, .‘MJ-pai tc'd above, aiidrceciiim coluui- 
uar, coniu'cted by four sc'pta with tlu* base* of tlie pi'rianth ; anthers in lu'ad.'-', 
t'Hcli surmounted by a subiilatt' connective* and opening by slits ; ovary 
inferior, surinonnted' by a style which has four lobes at tlie base super- 
posed to the pc'i’ianth segnu'iils; OMiles vc’ry numerous, growing over 
H braiicliiug paric'tal placentas, generally wdth only one coat; fruit a 
1 -celled, niaiiy-.st'4'di’d berry; st'eds inita-dde'd in pulp, perit«perniic or 
aperispermic ; embryo amorphous . — (Uftinm /ttfpocisfis (South iimrope) is 
parasitic upon tlie roots of Cisttifif and has unisexual Ilowc'r.s ; ILjdnoray 
a Cape plant, growing upon fleshy 7sV//;/«;/7nVc and other succulent plants, 
has heriiiaphrndite ilow'ers. P].v4*ept in habit, they have very littk* con- 
nexion with tlie Dalaiiophorncett) ; nnd from 7taflh'.<«iuceU3 tlu*y ditTi'i* in 
the fl-morems structuj-e of the pcM-iaiith and the* longitudiiml deliisci'uce of 
the anthers. In Hyduom the ovule is immersed in the strucliire of tho 
placenta, as the* buds of sonu* species of OrnithoyaUnn in the leaf. Tlu so 
plants are supposi'd by sonn* writers to liave a connexion with the 
Monocotyli'doiis throiigli Droineliucc'a ?. — CyfinvH has astringent qua1itu‘S ; 
Jlyd^iora afru^amij which lias a putrid pim U, is roasb'd and <*ateii by tho 
African natives, and is also iist;d for tanning purpo.scs. — Cenera: CyUnuSf 
Jli/dnora^ 

V 

llAFFLESIACEyE arq parasites of fungoid structure, without stems 
or leave.s ; the flowers solitary, sessile upon the branches of trees, sur- 
rounded by scales, perfect or dioecious; perianth o-lO-parted, with a 
circle of scales or a ring in the throat ; anthers 2-celled, and opening by 
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distinct pores, upon a salver-shaped or subjrlobose colninu adhering to tlio 
P'triuntlt, luiiiieroiis, distinct or counatt?, or cuncentrically iiuiny-celled 
with a coiiiinon pore; ovules very niiiiierous, growing all over ihu piirietiil 
placentas of the 1-celled ovary; fruit an iiulehiseent pin*icnrp, ^^itll a 
great iiuniber of perisperinic or aperisperuiii! seeds with an undivided 
embryo. — Illustrative CTOuera : Uajfflemtf Jt. JJr. ; iSapnti, UrifT. ; iV/n- 
(Tiiill. 

Some of the llalUesiact?® occur parasitic upon species of in 

the East Indies, others on Legumiuous plants in South America, 'flu'y 
dider from (^ytinacem iii the absence of a stem, the o-morous piu'i- 
anth, and tiie porous anthers. They are sometimr\s regarded as related to 
tlii^ Aristolochiacem. linjflesia Anioldiy a plant of Siiiiiatra, is a wmider- 
ful object, consisting of a gigantic tlower of fiing(»id texture, measuring 
•{ feet across, and weighing 14 lbs., emitting in decay a smell like pu- 
trescent llesli. This and otlier species seem to have styptic and astrin- 
gent properti<‘S. 


ARTSTOLOCIIIACE.E. Tin: BinTii-wcmT Oudkr. 


Diofjinmit . — Climbing shrubs or 
low herbs, with perfect, ri‘giiliir 
or irregular ilovvors ; the con- 
spicuous single tubular perianth 
(tigs. 441, 442) (valvate in the 
bud) lulherent below to the b- 
ceJIed ovary, wlji<h bocoim*s a 
imiiiy-seeded ti-eelled capsule or 
berry; stiimeiiH (>-12, more or 
less adherent to the style (lig. 
44J1) ; anthers adtuile, extrorse ; 
OMiles unnierous ; seeds peri- 
spiMUiuo ; embryo minute — IJliis- 
trali ve ( lenera ; - Uarttm^ Tonriief. ; 
- i rUto loch iit, To 1 1 nie f . 


Fig. 441. Fig. 44:?. 



Fij;. 'HI. FlowiT of ArvtfohohUi Cleniatilut. 
Fig. iVJ. IVri.iiitli of Astfritni. 

Fig. 443. Ovary aiid DtuiuisuH uf Arutolochiu. 


AfHniticB, &c. — The appariuit stipules of this order are the first leaves 
of ail undevoloptKl bud. The six carpels are superposed to the stamens, 
and it has been siiid that the styles are only outgrowths from the back of 
the stamens. The ternary structure of the tiowerstjf this Order, together 
with an aberrant structure of the w<iod, which presents no coiieeiitrii; 
riugs, seems to indicate that these plants have aihnities to such Mono- 
cotyledonuus Orders as Dioscureacem, Amidetc, and Tiu'cacem, altlioiigh 
they arc really Dicotyledonous. Their more immediate relationships Hr»> 
obscure; most authors connect them nearly with Nepenthaccm, the 
ulllnities of which, again, are not clearly made out. liieyliave many 
charac-ters in common vvith Santalacefe. Their stamens, lulherent to the 
distinguish them from all other Monochlamydcous Orders, 
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DiBtrlbutlou. — A lav^re Ord(*r, the ppeeies of which are generally dif- 
fused ; most numerous in tropical South America. 

Qualities and ITses. — Some of these plants have enjoyed considerahle 
reputation, having pungent, aromatic, and slimulant qualities. The 
tniochiff* tako their name from the roots of A. ClvmatitiHy font/ay rof unday 
and others being us(‘d as ommenagogiies. A. Serjirnfanay Virginian 
Snake-root, is one of the many so-called speciMcs for Snake-bites, and it 
is stomachic and tonic. It is worth notice that several species of Aria- 
tnlochia in different countries are considered bv the natives valnnbh 
remedies in cases of snako-bite. Asanim vnropmnvy Asarabiu'ca, is aerid; 
its leaves Avere formerly mucli used in a smifl' employed in aifeelions of 
Iho eyes. Some of tiiese plants are a'itv liamlsome climbers, with largo 
cordate leav(‘S and striking b el m(‘t-sl japed Huwei‘s ; those of Aristnlorhta 
vurdata are hirge enough to b(' used as cn])s by the Tndinn boys in the 
Ih’uzilian woods, 'flu* W(‘8t- A fricau A. (JohUvuna is equally large. 


HuiiCLxsH 11 . (n\]jm'^n:/iMjA. 


Phan(‘rogamous ])ljMits, with aohlamvdeous unisexual ilowors ar- 
ranged in spikes, tlie male flowers consisting of ant heriforous scales 
serially continuous with the leaves and collected in (lecidnoiis catkins. 
Polleu-grains dividing, prior to tlic emission of the pollen-tube, into 
secondary cells. The fem.ale flower Fio - 444 


consists (jither of open carpels (fig. 
444, a), bearing naked o\uh's, 
standing in the axil of a bract, and 
arranged in persistent cones, or of 
naked terminal ovules surroniuled 
by a few scab's ; seeds perispermic. 
The endosperm in the embryo-sac 
is formed previous 1o fertilization, 
and produces corpiisciila or arche- 
gonia. Embryo bearing 2 cotyle- 
dons, which are simpk^ or divided 
into several lobes — a whorl of 4 or 
moje cotyledons (fig. 444, u) accord- 
ing' to some authors. 



The members of this group are remarkable as forming a bond of union, 



GYMNOSPBBMIA. 


357 


in many important parts of their oi^ranization, between the Anpospermous 
I’hftuerogrtins and the higher Cryptogams; luid this applies in aoiim 
tlegreo to their histological os well as to their morphological construction, 
'riie CycadaceflB have tlic habit of Palms, or gf arborescent Ferns ; their 
fertile foliar organs, or stamens and carpels, resemble in Ct/ca'i the fertile 
leaves of Korns; in Zamia^ as in Pinaceie, the c/irptils ai>]iroaeh nearer to 
the condition of the carpels of Angiosperiiis, but are tl^ or open. 

The stmctiire of the female flower has btam a subject of much controversy 
among botanists ; the account above given is that which is on the whole 
the most generally adopted, though it should be stated tlial. many botanists 
regard the outer investment oi the ovule as an ovary ( Strasburger, 
Bailluii, yperk), in which latter case the scale supporting it would have 
more of the nature of a bmneh than of a loliar organ. 1’he reasons lor 
considering the reproductive bodies as naked ovules and not ovaries 
thus summed up by Alph. de Caudolle : — i. 'flie mode of devtilopnient is 
eeulrilugal us in ovules, not coiiLripetal as in [ inosl] ovaries ; ii. The seeds of 
some Cuiiifers (Vodocarjmfi) are auatropal, a position unknown in ovaries; 

iii. The insertion is that of an ovule and jiot of an ovary. 'J'o this it may 
be addi'il that the structure and arrangement of the titsiuvs in the scale 
supporting the ovules are more akin to tlioso of a leal* tlian W tln)SO of a 
branch. Atiatoniical investigation shows that while in KyeaJs the ovules 
are Who on the sides of a scale originating clireittly from the axis, in 
(Jouii’ers the ovuligerous scale is the prodiietioji of an abortive secondary 
branch originating in the axil (»f a pniiiarv scale. 

'fhe argunujiits in favour of the Angiosnerinous character of (Conifers and^ 
their allies are thus summed up by Strasburgcjr ; — i. I’iie female flowers of 
ConifercdOMiiX 6^'acJ?acc<Z! ar(5 inetaiiiorpliosed huds. ii. Kach flower consists 
«>f an ovary, destitute of any distinct perianth, iii. The single envtdope 
ijf the llower of Cunip'rtR is homologous with the outermost ol tlie threi*/ 
surrounding the ovule in which lattev, being homologous with 

the carpels of Angiosperms gemu'ally, uuist itself be considered ns an ovary. 

iv. This ovary contains a sirigh: ovule, which is naked (consisting of tlie 

nucleus only) in all whilst in Gnvtu<efe it is ]>roterted by two 

coats. V. The integumeiita in (Jtteiacvf*' are huruologons with the ovular 
iuteguraBiit.s in the higher J*hfuierogMius. vi. TJiese envelopes must ^ 
looked upon as foliar ])roduction«, both in Omfvrff and (hivtaevtf;. vii. 
I'he nucleus of the ovuhi is formed by the extnmiify of the floral axis, 
viii. In both Coniferts and Gnclaccce the ovary is formed by two carpellnry 
leaves, which are primitively distinct, but by the subsequent growth of 
their basal portion they form a tubular structure btdow ; in some rare 
ciises, howt^Yer, th«*y seem from the flrst to be completely united, ix. The 
ovular coats of tlm GnvUicece are, without exception, equally developed 
all round the ovules; each of them corresponds U) a single leaf. x. Any 
foliar formation, such as makes its appt^arance in many between 

preexisting leaves (as, for instance, the fructiferous scale m Abudbwre or 
the cupule in Tax'ave(t;),is^ a disk or outgrowth of the axis; there are 
no such organs in GuHace<B, Professor Strasburger considera the term 
(iymnosperms to be inappropriate ; but as Ttu ads, Cycath, Coniferay and 
Gnetads difler from other PWierogams in having “ corpuscles ” instead 
of germinal vesicles, the terms ArchUtpenm and Mtiampemu as substitutes 
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for those of CTymnosperms and Anpriospenns rospoctively have been pro- 
posed. The eriihryo-sac, <-orrespondiiij? to the iiiacroRpoi*e of liijrlier 
i ’rypto^nnis, becomes filled 'with cellular tissue forming an endosperm, 
Avhich IS absorbed after a time* in the cases where the set'd takes two years 
to ripen, and is re-formed the foTlowing spring. The formation of the 
arcliegoui-a or corpiisruila will hr» subsequenlly alluded to. After fertili- 
zation the corpiiHciflum develops into a pro-embryo, from the extremity of 
which the embryo proceeds. jMnacea' and Taxacem agree with Dicoty- 
ledons in habit ; Imt the foliage of the latter approaches that of Ferns, 
wliilo there are relations between their inflorescence and that of tlie 
lA'copodiaeeie ; (Inelicea* a])proxiimite to ( ^isimrinaeem and C'hlornn- 
thacejc in Juibit ; and perhaps ICphnlnt imi}' l>e cr nu pared witli 
Tlie }M)llen corresponds to tlie iiiicrospores of Srlat/indla^ the division of 
its cells corresponding to the male prothallus of those plants. 

OK CONI Fl^R.F. Thk Pixr. Oiidek. 

Order Conifera', lienih, ei Hook» 

J)i(Hfnnftis, — ^rn'cs or sliriibs, of oxogoiious structure (see posf)^ 
mostly with cvei'grcc'ii, linear, iie(*dh*-lik(‘ or lanceolate l( 3 aves, 
somelijiies tufted, sonudimes iinbricated, irunurcioiis or dicDcioiis ; 
tin* tVitiale JIonvcts in coin's, consisting of iinbricated scales or ojien 
carpels arising from the axils of bracts, and bearing (figs. 444 a 

4-li>) 2 or more ovuhis on the upper face; fruit a woody cone 
(llg. 3ld), p. 152) or a succulent berry formed by colieroiice of a few 
tieshy scales (pulhulus), 

Illcstuativk G knkua. 

Subt'rderl. AniKTiNU/r.. OrnJcM \ Subord. 2. (h'j»nKSSi\EiE. Orufvs 
iurrrfedj frt/h thv mwrvpplv vvd t fhv rrecl^ (rith jnirr<tpt/le fiffjterior: pol- 
hiiar of (hr carpel ; pollen oral, Ivn spheroidal. 

Films, L. Juniperiis, L. 

Abies, Tonrnef. '^riiiija, Tmrnvf. 

Araucaria, duns. (h’vptomeria, Don. 

( ’iipressiiH, Tonnief. 

1 axodiuni, L. C. Jtich. 

AfflnltlM, &e. -Tho above diagnosis gives tlie essential character of this 
()r<ler, which, how'ever, deser\es a little detailed notice, on account of the 
inoditicalions occin-riiig in tlie diflerimt genera, as well ns on account of 
the dilficultics which the structure of tlie inflorescence may present to 
the student. 

Amon^ tho Abietinecp, in the common Scotch Fir {IHnus sylrestrU) tlie 
ina)^' iniiorescenco npp'ars in the form of a comjKmnd spike, eacli branch 
of which consists of a imiiihcr of aiithens aiTaiiged in a calkin ; each anther 
is ri'presentod simply hy a scale, arranged like the leaves, linving 2 
parallel pollen-cells, ohc lijmn each side of a connective wdiich is produced 
into a little tongue beyond the pollen-cells (fig. 447), and resemnling the 
scales of Dquisdum. By A. Draun the entire male intiorescence was con- 
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pidcreil afl a sinjyle flower. The nature of the pollen is further explained 
ill the physiological part of this work. The female iufloivsi eiioo consists 
of a cone, eoni^Kised of single rarpellary scales, each seated in the axil of 
a memhranoiis bract, tlie whole spiraily arranged round the axis ; each 
cjii’pel possos.sing, on the ii}>jM‘r face at the haso, 2 naked ovules, with their 
jioints directed towards the base of the carpel. I n other yl/nVV/Wrt? tht‘ 
stamens are more conijilex : in Ctmnint/hamift the anthi'r is »‘{-colled; in 
Armi'nria inaTiy-celled, the loculi ronsisting of free tubular bodies atinehed 
hv ih *ir apices to a thickened connective at the upper mid of a slender 
liiameiit. The. condition of the carpels also varies, Araucaria and Dammara 


Fig. 445. 



Fijf. 44o. (Ipfii cnrpfl of A'nw/*, with two naked ovules at the base. 

4I*J. Winded of Pine. 

Pig. 417. Authcr-bearing svsale oTPinuM. 


having hut 1 ovule, Cannimjhamia o, mid oilier goiiora moi-e. A diversity 
also a])poar8 in the cone.s, from the dillercnt ways in wliicli ilin carpels aif 
develojied ; in Vinm Kijh'csfriit^ and many others, th<' upper cuds hecoine 
tliickened into xvoody heads {apophyses) inciting in a valviite manner, 
forming the lesselhe” of the continuous 8iirfm*e of the unojiened coin*, 
while in Ahiea^ Uunnwyhamia^ &c. the upper ends of the ripe carjwls 
overlap in an imbricated manner. The bracts are obviously serially con- 
tinuous with the leaves of the branch, hut the scales within the bracts 
liave been the subjo ’t of much cemtroversy. 1’he generally ndfijited view 
is that they represent two leaves fused together and produciMl from a 
contracted or nndevolo]ied braiicli axillary to the bracts. Ilrongniiirt 
considered the scale as produced by an eiiation or choiisi.s from the bract. 
According to him, in the cones of Cnprrasinecr there are bracts and no 
scales ; in those of AlnHineec tlie bracts are sjilit to the base so as to 
form a bract and a scale superposed to it j while in Araacaria the cone 
consists of bracts only partially split. 

In Cuprva«ine<B^ tfie stamens of Cupreams, Jmiipernaj Tlmjay &c. are 
peltate, with several loculi under the overhanging connective; and the 
carpels representing the female flowers have in Thuja 2 ovules, in 
Cupremis many, in Juniperus 2 or only 1 erect ovule at the base ; in 
Juntperus the carpels lipen into fleshy structures, coheiing together so as 
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to form a kind of berry ; in Calliirk the cone ie of prlobose form, and 
composed of 4 peltate scales, the apophysva of which meet in n valvate 
manner; the same ia the case with a tfrealer number of valves in Om/jtcsw/j?, 
-while Thuja has the scales more distinctly imbricated, but still with 
thidkened apopliy sea, which meet in a valvate manner (like those oiPinus 
nylventria). 

The curious fipcuculatc arrangements of the leaves of PinuRy where 
% .*1, 4, or more occur together, with a common mouibranous ahentli at the 
base, offer valuable distinctive characters for the species. It is probable 
that those so-called leaves are raort» properly to be, considered as shoots, 
as in Sciadopityn. Their anatomical structure has lately formed the 
subject of (‘xaiiiiuation by Bertrand, McNab, and others. 

^I’he iiilinities of the l^iniicefc are witli Dicotyledons by their habit of 
growth, although there is an essential dillerence in the internal structure 
of their orj^ans ; tlie inflorescence of this and of the associated Orders is 
perhaps more hi|.rhly or^-anized than that of the t-ycads, and is connected 
-witli I*Jumero;^anis, on the one hand, by the presence of distinct staiueus 
and carpels, the latter producing* a perfect s^e(l ; -whih*. the nature of 
the processes taking place in the de\elopnienf of tlie einliryo (described 
in the Physiological Part of this w'ork) indicat(‘s u close approach to 
the conditions which are met with in the higher OryptogaiuH, espeeially 
i^elaywdla. The leaves iisuully persist often for years. In Thujay Tax- 
odium dutiohuniy and some othei’S, the extremities of the branches fall 
with the leaves. 

Distribution. — A coiisidiirahle Order even in point of numbers, its re- 
presentHti\es are met with in all parts of the world ; the species of IHnus, 
Ahirify and Taxodhtm growing socially, form eharacteristie forests in the 
northern hemisphere. The\ ai’c represented in Pulamzoic as well as in 
all the more recent formations. 

QuolltloB and Umb. — Most valuable as timber-trees and as sources of 
important resins (turpentine, pitch, &c.) used in the arts, and aromatic 
oils and balsams liaviug medicinal properties. 

Pinu8 includes : — J\ syiiTnina, the Si;otch l^'ir (North Europe) ;■ P. Pi- 
the C'luster-])iue, a less hardy tree ; P. palmtrisy the Swamp-piiio 
of A'irgiuia; P. Tada, the Prankincensn-pirie. lKnu» Frenwntianay P. 
Lamhvrt ianay P. Sfrobuny I’tc. are othcT very valuable timber-trees, attain- 
ing a height of iipwaixls of 2(X) feet. Pinus PinrOy the Rtone-pine of the 
south of Europe, lias edible seeds. Ahiett includes : — the Norway Spruce, 
A, exceha'y the Silver-Pir, A. fievtinatai Abies halsatneay Balsam-of- 
(xilead Fir, and A, vanndemisy Ilenilock Spruce, both North-American. 
Cedrmy a suhgenus oiAldeSy includes the (ledar of Lebanon {Abies Cednia 
or C, IM>ani)y and, the Deodar (6’. I)eodHra)y which is supposed to bo 
merely a variety of tlie last named. Larixy anothc*r subgenus, includes the 
European (Abies Larix or Larix europeea) and other Larches, characterized 
by deciduous foliage ; Araucaria includes the enormous Chilian Pine (A, 
iiiAricata) and the More ton- Bay Pine (A. liidunltii), Eutassa excelsa is the 
celebrated Norfolk-Island Pine. Dammara australis is the Co-wrie Pine 
of New Zealand; opcntalis ihe. Dammar Pine of India. Seqmia (ot 
WeUinfftoma) yiganteai^ a Californian Pine, attaining a height of 360 feet ; 
Microcachrys tetrayona is the Iluon Pine of Tasmai.io. 
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Junijienis is best known in tliia country by tlie common Juniper shrub, 
J. vulf/aris, or by the ciiltiviited SRviiie,€/. but the species of olhcT 

coiinti'ieH are more important, as J. ht^rmudiana and J, mn/hnanaj the 
** lied Cedars,’^ the aruinatie wood of which is used for cabinet-niakinj^ 
and for blackhead pencils; J, (Xvi/cedrus, a MedileiTuneuu species, forms 
also pood and durable 'wood. Thvja ovcidentalis and onentulU ari» the 
Arboi-^vitffi trees uf (mr shrubberies; Cryptonieria is now iiitro(lu(*ed also 
from Japan; Cupresms semprrvivom is tho common Cypress; Callitris 
(piad rival vis J ihv Arar-tree of Nuilh Africa, has odoriferous and durable 
wood ; C\ australis is th»» Oystt*r-llay Pine of Australia. Ttuudium 
distichum is the I>e<‘iduous (\vprcss of the United States, and characterizes 
tho ( ■ypress-swamps of the Southern Stahvs. 

Ainonp thi‘ above, turpentine, ifsin, and pitch are derived from many; 
impcu'taiit kinds of resin are: — common turpenliiK', it‘sin, pitch, and Jhir- 
puudy pitch, from l^nus sylrrstris; Venice turpentim* from tlie Larch ; 
Strashiirp turpejitino from Abirs jMotinafa; llurd(*aux turpeidine fnuii 
1\ IHnastrr i.'cc. ; (hiiiada llalsain frenu Abies hahamea and A. cunadt'usis ; 
Sundarac from (*aUifri» tpiadriralris ; Ciini -1 laminar from Dammara 
australis^ &c. "I’lic berries of Junijterus rulyaris an* aromatic, and an< 
used for flavourinp gin ; they are diuretic; J. tSabhm has still more active 
diuretic properties ; and (Uipressus and Thuja uppiuir to hnM> poisonous 
([ualities. Tia* large stieds (d many other Pines, bi'sides the Stone-pine, are 
eaten loeally, in a tresh state, as of Araucaria imbricalay A, Jiidtrilli, 4V c. 
Tlie. hark o? the Larch has bcc*n Ufet*d !«> clieck profu>c expectoration and 
internal hmmorrliage. 


TAXACE/i:. TttK Yjcw Ojioeh. 

Class Conifera?, Thud, Class (lymnogens, Lindl, 

Diaymsis.—TrvQs or shrubs with narrow rigid leaves or broad leaves 
(pliyllodea, leaf-like shoots Y) with forked nerves, uni,si‘xmil miki‘d flowers, 
Hurruunded by imbricated bnnds, the male several t4)getlier, t‘acli composed 
of one or H'veral coherent anthers, the feiiiak* of a solitary nuked ovule, 
terminal or in the axil of a brad ; the seed usually surrounded liy a suc- 
culent coat. — IllustratiNe Genera: YV/.n/s, L, ; JUhcarpusj L'll«ir. ; J)ar- 
crydiwn, Sol. ; Thyllocladusj L. C. Uich ; CcphalotsuvuSj Ziicc. ; Salisbw'iay 
Sni. 

Afflnlttcs, Ac.— I'he relations of this group, soiiielimes regarded ns a 
Suboirier of the, Piiincero, are tin' same as tliosi' of that order; and from 
it these plants differ chiefly in the solitary ovule that replaces the cone. 
It must In* admitted, however, lliattliesc* plants with their solitary terminal 
ovule Turreya) favour the notion that the outer covering of tho 

nucleus is ovarian not ovular, for there is nolliing like an open carpel, and 
the two lips of tho outer en\eIopt» decussate witn the two upper len\e.s of 
tho branch, 'which scorns to indicate their ovarian origin. Tlie Icayt'S of 
SaHshuritty and in n h*sH degree those of other genera, are vei-y similar to 
those of P't;rus ; and the BtHtiieus of Tajms closely resemble the sporangos 
of Equisetam, The cotyledons of Halishina are fleshy, and in geruiinatuig 
do not escape from the'seed. Torreya has ruminate perisiierm. 
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Dlstiibntlon. — A small •rrou]), the' iu*'mbers nf which inhabit lemperato 
rc^^ions nr mountains in tin; tr.jpiia. 

Qualities and Uses. — Agreeing; in ginicral with PiiiaocCD ; Podocarpm^ 
J)acn/diiwif Taints (Ytjw^, &f. yield \ulnable timber. The loa\us of the 
Vew are poi.si)ium.M ; but Uio puip of tlie berri(‘.s does not aj)iH»ar to sliare 
Ibis jn’opnty. The fruits of iSiUisburia adiantifolia are resinous and 
astiingent. 

GNlilTAOEyb] are small trees or shrubs, iisnally with jointed stains, 
opposite, siinpb; net- or parallel-i*ibb *d, or minute and seale-like leaves, 
jmd niiis<‘xual (randy herniaplirodite) llowers in ratkins or h(;ads ; anthers 
y-.‘{-celled, opening by pfm‘s ; female lb)\ver nnkt'd, or with two molt* or 
less combined scales, surnuinding 1 or 2 naked o\ides (?) ; seed succulent; 
embiyo with two cotyledons, in the axis oi flt*shy perisporni. — Illustrative 
(ionora: Pphreda, L. j IVidwtischia, lluuk. 

Afllnltlen, Ao.~ This Order is chiefly interesting as furiiishmg a link to 
connect the (^^nitel•s witli the Dicotyledons, if the idanls bi^ consideivd to 
bavo a truly Oyinnosp'rinons organixation of tlio tlowt*!* (a view strongly 
c«»ntested by Strasburgtn* and others), wliib* in gen(‘rol structure ICphedm 
npi)roaelies to Cmuarwaj and (hivtum to Cldoranthm. Th(*y are destitute 
of the resin so cliarnetf'rislie ofCJonifers. Tin* ovule presents the cuiious 
p('culiarily that a third integument, immediately investing the nucleus, 
grows out into a long process like a style, and which pr«»p*ets friuu the 
j'oriimen of thc^ outer coat . irelivilsohia minibilia (tig. 448), a natiye of 
desert regi(»ns in S<iuth-vvestern Tropical Africa, where, it was discoyored 
by the botanist vvliose name it bears, is, in many respects, the most interest- 
ing dowering ]dant now in exi.stenc(5. It consists of a woody trunk, about 
2 feet high, witli a long woody root, and terminating above in an iriv- 
piikiiiy lobed saddle-liko ma.'»s, 4-5 feet in diameter. From a groove 
lieiieatli the edge of tliis ia gi\en off, on each side, a bnuid leathery loaf, 
some 0 feet long, and s])lit into numerous thongs. I’hese leaves are 
sii])posi*d 1«) be the p'*r.si.stent eotyledons ; and no others are produced, 
ibongb the plant attains an age of at least a liundred years, and jirobably 
more. The disk at the top of the stem is maiked by concentric lines, 
^riio in1lore.sci‘nce consists of cones borne, on forked branches which origi- 
nat(i from the edge of tin* disk (iig. 449). The cones contain, some female 
tlowers, others male floweivs; tin* latter with an abortive ovule occupying 
t be (‘xtreinit y of the axis ( fig. 4o()). The male* dow'er consists of a perlantn, 
ns in tlio mule ll<iwer.s of l^phvdnty enckwing six stamens, united by their 
tilaiiiont.s into a short tube, and bearing globose anthers, which optm by a 
.‘•-rayed cliink. In the ceiitn* of tlie ilovver i.s a body like an ovary, with 
ft terminal siyle-like prolongation and an expanded stigma. This pistil- 
like structure invests the nucleus of tlie ovule, which, in thi.s cjise, is desti- 
tute of embryo-sac and embryo. The ovary-like body in this dower is 
shown, from its inode of development and structure, to bo homologous with 
tlif (?oat of ail ovule, and not to po^seas the cbaracU'risties of an ovaiy, except 
so far as su|K>rficial rfisi'mblanee is concerned. The long stvliform process 
is similar to that wbieli occurs in the ovide of Ephedra, "J^ie ovmle, then, 
of IFc/W/wAwi, according to Hooker, is strictly Gymnos]x?rmou8, like those 
of Coiiiferio. Strasburger and McNab, however, dissent from this view. 
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The malt' flowor, iicr‘t)rdinfr ti» the.se ebservera, conaiatst^f a dimerous p*ri- 
iintli ill two rows, six stamens (or two thriee-braiirlii'd, lateral stamens), imd 


Fig. 448. 



Fig. 4 IS. irtltriln-hiiJ viirthUi^, greatly reilimed. 

Fig. 449. Portion of iiinurc8e(*U(.t< of fi'efm/HchMy reilnord. 

Fig. 460 . Mttlo or hcnnaiihrodito 0ower of If 'etwitevhia, reduced. 


two cavTK'ls (anlero-post^rif)]’), thuH: — P2+2 A 3+ 3 (i 2. In the fmnale 
Hower Ineif is Ufither |Kiianth nor aiidiwinm, hut two collateral carptds. 
3’ho oarjiels in the so-called malt' flowtivs art* antertt-posterittr, : ; in the 
female collateral •• . Tlie oTult; in the male thiwm* is de.stittite of nn inli- 
gument, while ill the female flower it is prt'.'Hiut in the sliain' of a single 
ling-like or tubular investment. The structure of th<* stem rndongs to the 
] licotylcdonons tj'iic, but having, in addition to the other himdles, scattered 
vessels passing through the parenchyma, as in MonocotyJedonous stems. 
Among the ordinary "jjarenclivinatous cells w:cur spiciilar ” cells of large 
size and irri'gular branching form ; these are coverea fni the outside with 
rhomboidal crystals of carbonate of lime. Similar ceDs occur in the leaves 
of Araucaria among Pinacete. 
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DIstlibntion. — Ephedra occiirH in Eurcipe, A»4ia, and South America, in 
Uunpurate n^gions; Gnetum in tropical India and in Guiana. 

Qualities and Uses. — tTiiimj)ortant ; the hraiiclios and flowera of some 
Ephetlrre wt'i’t' foriiierlv U8f*d aw a styptic drug’. 


(‘VCADACK-E. 

SuhclasH ( iyninow|Kirmea', Benth. et Hook. 

Diwinoak . — dwarf trees with simple trunks, having 
the inteniodcs undeveloped, the surface tessellated with the scars 
of the fallen leaves ; leaves clustonxl at the summit, pinnate 
(hipinnate in Ifowmla\ jiarallel-ribbed, more or less hard and 
woody, vernation straight, that of the laU*ral ])innai eircinate or 
Hat, and iinhricated : dio'cloiis, tlu* llowers in cones ; the one-celled 
anthers covering the under surface of the niahi eojie-seales (iig. 451 ) : 


Fig. 451. 




X ■ i«o • 


'' Anther-he*rinf soaJcb (nal;. nize). anther and pollen (maifnifled), oi Eneephalarto*. 

female flow'crs either peltate scales with ovules beneath, or flat 
scales with ovules at the base, or somewhat leaf-like scales with the 
ovules oil the margins; seeds with a hard or succulent coat, con- 
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hulling one embryo or sovoral, in flosby or mealy peris])oriii. - 
Illustrative Genera : Ctfcaft, L. ; Dwn^ Lindl. ; L. ; h]tu\~ 

2>halartos^ Lehm. ; Macrozamia^ Miq. ; Stanyeria^ Moore. 

Affinities, Ac. — Wiib the habit and apparance of Palms, and in soimm 
cases of KoriiH (especially in the g(*nus Sfanyeria)^ these plants agree with 
Vinncete in the essential |sx'uliaritioa c»f the organization of their dowers 
and seeds, while the distribution of the n‘prodiictive organs over tln» leaf- 
like carpla and the autheriferiais settles in Cyca»y t»tgt*ther with the oeca- 
sionally ciifinate vernation of the leaf-segments, (Minnoct this Order with 
the Ferns, tliiis strengthening tlu^ ivlation lK‘twe(Mi the OymnosjMU’ins 
and tile higher Cryptogams, ivliieh is so 4*videnl in tlie alHnitit^s hetwtMMi 
I’inaceac and Lyeojiodiacete. The ndationship to the liigher Cryptognins 
is further indieatiHl by tlie miiltieelliilar pollen of (^’yoads, which is analo- 
gous to the microaporangia of lUiizocarjis. 

Somo differeiict* exists in the ooiiditioii of the U'prod active organs. The 
flower-cones, composed of imbricated stniles, a])|)i‘ar to bo axillary })rodnc- 
tions in Zamia ; hut in V\jcm th(*y an^ formed from the terminal hiid, wliicli 
subsequently grows on (as in the Pine-apple), so tliat ln*re the hn'iniiiul 
iniloivacenct‘ does not arr(‘Ht the growth of tlu' axis : llu' f4)rmalion of cones 
occurs at intervals; and when the scales fall (df, after the pollen or tlm 
seeds are mature, tlu^steni is found marked altenialely with hands of sears 
of two kinds, those of the true leav(»s anil those of tho llonil leaves (carjxds 
and stamens). In Zamia th(' cou4*s are laU'ral, like the spadices of many 
Palms. Jii Cyras the female roH(*s are formed of large nat- leafy carpels, 
with ovules arranged at 8(»me distuuo** aj)arl on tlu* margins ; the male cones 
are likewise formed of leafy scak*s, h»‘anng nunu*roiis anthers (or loculi) 
scattered over the lower surfuci*, the loculi b«*ing commonly groupisl in 
fours like the sporangiss oi Mrrtimsia, In Zri/mVMhe coru‘s more nearly 
rest'rablo those of Piriacea* : the iiiak’ coJU‘s aiv formed of imitate seak^s 
(with an apophysis as in tlu* ripe eones of (^apnmus)j with the ptillen- 
cascs under the overhanging lu*ad ; the ft ‘liinle cones an* coiiipoM'd ol some- 
what pltato scales bearing only a pair of ovules at the* bas('. Tlu» polk * 11 - 
sacs are numerous, sessik*, or stalked, 011 the imder surfac;*^ of the thick per- 
sisUmt stnminal seak;s. 'fhe p{>llen-(M»lls are at first simple and more nr k'ss 
spherical, but siihsequently they divide into tivo or more cells of diiliu'ent 
sizes, the pollen-tube ultimately i»rotrnding from thi^ larger cell. The 
coiupoimd pollen, forming a .s«)rt of male pruthaJlium, is similar to that of 
Pinaceai. 

L. C. Richard regarded the female floxver of Cycads as formtul of a 
ganiosepalous calyx adherent to a half-inferior ovary. Payer thought tlu^ 
ovary was achlamydeous, suriTKiiinted by a short style. Alexander Jhaiin 
also considered the tegument of the <i\uk*. to 1x5 ovarian. Van I'ii'gliem, 
basing his opinion on the arrangement of tho vascular bundles, thinks tho 
Oycads are trulv Gymnosjiernious, Iho ovules being borne on the edgt^s 
of a flat loaf, (jiia also arrived at tho conclusion that tho outer covering 
of tho ovule was of the nature of au ovular coat, its tilifoiiu prolongation 
being tbo micropylt', not a stjrle. In the ovule of Cyvas, as of Ricimis^ tho 
attached portion of tho nucleus, where the coat is still confluent with it, 
is coverea with a network of vesstds proceeding from the single bundle 
which passes; under the name of raphe, through tho coat of tho ovule. 
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It is uot(‘Woi l]iy that thn fruit or acod may b(' ivn-fect in all its parts 
witliDiit focuiidatioii hfi\ingf tak<m placo, tlio «»iiibryo alono not bciiijr 
tbrriifd. Thus in hothiHisfs orK*oft«ii sivn the ti*mnlt) |ila£ifs ripening thi ir 
fruit ; but although onm tln^ ]>iu*ispt>rni of tlio stu'd is fully formed, tTum* is 
no (‘uibryo, the lualo plant bun^notin eulli vatic )Ji oi- not in flower at the 
time, in the ripe sc^ed the arflii‘«»onia rtr corpusciila are \ery lar^e, as also 
are the siisjH'iisors or ))roeiubrvoa, of whieh usually cjiily one develops a 
pc'rfeet embryo, tin? others remain os withend threads. 

Distribution. — Tiv epical aiul Uuiipcu’atci parts of .Vsia. America, Africa, 
and Australia, lii a fossil state tliey appear fust in the < ‘arhoniferous 
strata, and an* ahuiuhiut in the Lias, Wealdtui, and Lower (Jivtaceons 
foniiiilioiis. 

Qualltios nnd Uses. — Tin* c*hi»‘f economic value* of these plants consists 
in the pn,ssc*ssion of a kind of farina like Sa|ro, coii'isliiict of the starch 
wasJu d from lla* internal parenchyma of the trunk', or oktaincal from llm 
mealy pc-rispi‘nn of (lie scs'ds. (Ufcaa rmthUa and ( \ rircina/is are “ Sa*ro 
plants ill .fapaii and tin* .Mohu ens. Various species of Kncephalnrton form 
what is calle d ‘‘ (^itlc‘r-hr<‘iul ” at the Cape: I>it,n t>(lul,' fsecds) furnishes 
a kind of Arrowroot in Me-xico. 



M< )N()COT Y LEDONKB. 




Class U. MONOCOT YLEDONES. 

Angiospemious PhaiuTOgams, with sUmiih in which the woody 
hiuulles lire isolated and dilTused through a parenehyina in whieh 
there is no distiiietioii ot‘ pith and bark, the ijidi\idiial vvooily 
bundles rarely being dev(‘loped further after the fall of the leaN(‘s 
to which they belong ; the leaves (very cominoiily slieathing at the 


Fig. 4/55. 



Fiif. 4.V-*. Leaf of . Fip. -Lw. Ternary flower of £M3ru/</. 

Fiff". Leaf of Cl Fii^. I.'mK niii^rram of ilitto. 

Fif;! Leaf of Sagitltirui, Fig. 4u7. Munoeotyledououa embryo of 'Potamogeton, 

base) generally with a* number of nearly parallel, straight or 
curved riba (iig. 452), or with similar ribs given oft* from a midrib 
(fig. 453) ; the cross veins suddenly smaller (fig. 454), occasionally 
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net tod-veined : the flowers generally with three organs in eaeli 
w’horl (fig. 456) ; the floral envelopes often all petnloid, or all green 
or sealo-like, randy with a green calyx and coloured corolla ; seed 
with an embryo with one cotyledon only. 

The floral formula is, as a rule, P3-|-3 A 34-3 0 3, subject to 
many modi Heat ions by suppression, adhesion, &c. 


Division I. Fetaloideas. 

TVlonocoivlodons, with the floral onvelopos consisting of a regular 
or irregular p('rijinlh, of two whorls, both poluloid, or more rarely 
both h(M*l)a(V'ous, someliines with a green or scaly calyx and a peta- 
loiil corolla (ran'ly, as in Ao/VAve, willi a scaly nniforin perianth, 
or (|uif() acblaiiiydeous); flie flowers mostly perbsd, iiiore rarely uni- 
S(5Xiial ; the leaves with f he primary ribs parallel, or with a midrib 
and parallel secoiularv ribs, or rarely reticulated somewhat in the 
flami5 mann(T as Dicotyledons, l)ut with the veins branching at 
more obtuse^ angles. 

Exceptions, &c. — 'FI k' greater part of the Orders him^ asso<‘ialt‘d have n 
Tiat iiral connexion in the slnicliire (»1 the periiinlli (either Hn])(‘ii()r or in- 
f(‘rior), th(» syncarp<ius ovaiii's, ami the perisperniic st‘(‘(ls. Ibit a small 
assemblage of Ordeis -wliieh are inch ided here diverge greatly from the 
general chavaeler, wliili* they differ so much from each other that they 
cannot very well hi* s(*]i{irated in the*, burn of one dislincl group: thiw are 
tlie Ilydrochaii(liir*ea*, the Alimiaceje, and tin* Naiadacea;, wdiich agree in 
the common chavacb*!* of am aperispermic seed; but the first have an in- 
ferior compound ovary, and s(*em t(» approacli liromeliaj’oar ; the second 
have more or less distinct cjirpels, togetlier with a green calyx and coloured 
corolla, siu-li as oceiirs in (k)iiimelyiiaeea? ; xvliile, the third, with uniform 
scaly periaiilh or iielilaiiiydetms, also apocarpous, in their simpler forms 
approach in habit to the Araceae. 


S('ries 1 . E p t (i t tjt /E. 

Elower-tnlia' not separate (adherent to) from the ovary. 

Exceptions, &c. — Many Bromeliaccic have free ovaries. 

TACCA(nO-'l^ art! tropicail m*reniiial herbaceous plants with tuberous 
roots and large lf>ux es, somewhat rest-uibling Araoeae in habit, but with 
epigyiioufl, petaloid, hermaphrodite tlowi‘rs, the pt^rianth of which is 
tubular ; concealing (5 stamens with p»taloid lilaimaHits incurved and hooded 
aj tlie apex; ovary 1-celled, with 3 parietal placentas projecting more or 
less into the interior ; fruit a berry ; H(‘eds with ila^shy perisporm. — Thtj 
plants are commonly ri'gardcd as connecting the epigynous Monocotyledons 
with the AristolochiaceK*,a Dicotyledonous Order with 3-morous nowera; 
they have affinity in habit to tlie Araccao, and in the flowers approach 
Bromeliaceee. The watery juices of these plants are acrid; out the 
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tuberous roots contain much starc*h. Tliis is extracted (by washing* 
tbo roots of Titcca fnmuttijUin) by th« inhabitants of Tahiti and otlu*r 
inlands of tlie South Sea, wiio uso i\w meal for br<*ad, cultivating the 
jilant in fields. This specit's, and T, duhia, mmtana, and others, are 
used in lik<‘ mamn*!* in Malacca, the Midiiccas, (kx’hin (^hina, &c., and 
art‘ soinetim(*s eat(*n raw with an acid, which neutralizes tho acridity. — 
Genera : Tacca^ Forst. ; Ataccta, I’resl. 

l)K)SrOUEA(’bMO (Yams) an' plivnts with twining stems rising from 
large tnb(n*ons or knotted woody root-.stocks, with broad netled-\<‘ine(l 
stallu'd leavt's, small dhec ions (l-aiidroiis regular ilowiws, the tube of the 
(>-parted neriant li adhering in the f<*rtilo flowers to the »‘l-celled ovarv ; 
styles .‘b distinct or dc'eply trifid; o\ides 1-2 in a eell ; stamens of llio 
barren flower <>, on the perianth ; fruit a .‘l-celh*d (or hy suppres.sit)n 
1 -celled ) dt'liisccnt capsule, or a .siircuhmt berry ; s(‘ed.s witli a small (*mbrvo 
ill a eaxityin the haidperispcrin. — Illustrative Genera : 7V/mw«, L. ; Dion- 
cutva, |j. 

Affinities, Ac. — Very near to Smilacea', from which thi*y differ in the in- 
feritu* ox ary and tho caxity in the perisperni; tlu‘, iiiostlv <*apsnlar fruit is 
replaced hy a herry in Tamtfs^ like that of Sitii/fu\ bnt inferior insti'ud of 
superior. The e})i<rNmoiis c»>ndition relates these jdants to Ainarylli«laceje. 
Some anthois consider they related to Aristolochiaceai ; Imt it Isa 
distant uflinity. 

. Dlstrlbntloiu — A rather large group, chiefly tropical ; Tamm communia 
is Ihitish. 

Qualities and Uses. — 'riie sap is often inort* or less acrid ; but the 
1ul)«*rs formed by certain speci(*s of Yams {JHoscojrn safivn, alatn, and 
arulra/M) contain abundance of starch ; .so that undi*r ciiltix at ion, and after 
cooking, when the noxious princi]ik* is di^sipab'd, they b(‘come valuable 
articles uf b>od. 'I’lie tubers of other J)iosco7rai are unfit for hind ; and 
those of TaiHUH (vimwwwik, Black Bryony, have acrid, purgalixe,Hnd eiiu'tic 

f rojiertics. Testadinnina elephanUppH^ a Gape plant, in cnltixation in oiir 
lotauic gardens, produces a remarkable tuberous growfh, rt‘s<‘inbling ii 
rugged stump of an old tree, covi*re<l by a kind of falsi3 bark, which is b's- 
sellated xvith large compound angular facets ; its inb^rnal sub.staiice i.s eaten 
by the Hottentots. 


OliCHlDACE^E. OitciiiDs. 

Coh, Orchidales, lloak* 

Diagnosis. — Herbs, distinguiahed by their irregular flowers, 
fl-ineroiis perianth inseparate at the base from the oxary ; stamen 
( I, or xery rarely 2) gynandrous, pollen cohering in waxy or mealy 
iria.sse8 ; ovary inferior, placentas parietal. 

Character. 

Perianth mostly petaloid, adherent, in two circles ; the outer circle 
of three pieces {seimU), distinct or more or less coherent below, 

2 B 
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two lateral and one anterior (or posterior when the ovary is. 
twisted) ; the inner circle of three pieces (petals), or rarely one, 
alternate with the sepals, two lateral, and one (the laheHlum) pos- 
terior (or, by the twisting of the ovary, anterior) (figs. 458, 459, 
401, & 402), usually longer and larger than the others, variously 


Fig. 469; 



Fig. 458. Flower of Otv?***, and 

Pig. 459. Uingram of ditto; a, a, it, genale : 5, A, potals; A', Jabellmn; o', spur. 
Fig. 400. Cluvnte pnllon-iiiaflR luul cuudiole of Orr-hia. 


formed, with or without appendages, sometimes divided into 3 
regions by contractions, -forming /ttfjwchilium (at tho base), meso- 
cJiilhini, iind t'pivhilimii ; fr<»e, or more or less adherent to the 
column. Stameyis gynandrous, tho filaments confluent with tho 
style into a roboym (fig. 463), Ijearing mostly 1 perfect anther on 
the side turned away from the labellum, with two lateral processes 
(abortive anthers), or, rarely, 2 perfect lateral with an 

abortive process next the odd sepal (Oi/pripedium) ; pollm pulve- 
rulent, or in grains, more or less coherent, or in waxy masses 
wdiich are free or provided with a pedicel or caudicle (fig. 460), 
which adhenjs to a gland or glands at the apex or rostellum of 
the stigma. Ovan/ inferior, often twisted, 1 -celled, with 3 double 
-piurietal placentas bearing numerous anatropous ovules ; style 1, 
confluent with the filaments into the column, which is sur- 
mounted by a 3-merou8, mucous, discoid stigma facing the la- 
bellum, its lobes alternating with the lines of placentation ; the 
lateral lobes usually abortive, but sometimes forming divergent 
processes, the odd lobe more or less developed into a beak (ros- 
tellum) bearing 1 or 2 glands. Fruit mottly a capsule bursting 
by 3 valves, bearing the placentas in the middle, separating from 
the midribs of the carpels, which remain os an open framework ; 
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rarely a fleshy inclehis(‘ent pod ; seeds very numerous and ex- 
tremely small, consisting ot* a cellular nucleus without distinct 
radicle or plumule, enclosed in a loose membranous or rarely 
crust actions tesla. 

The (Jrder has b.-en dindcd by Lindley, its ^»atost exponent, into 
siiveral tribes, acc.*oixUn|Jr to the number and position of the anlhtu's, tlu^ 
number and nature of tlie pollen-masses, &c. 

1. Anther solitary. 

A. Vollen-mnsses waxy. 

a. No caudu-le or separate stigmatic gland . . Tribe ^IaIiAXE JS, 
h. A distinct caiidicle, bnt no st‘paratt‘ stigmatic 


Inland Er»ii>p:NDnE.E. 

c. A distinct caiidicL' and stigmatic gland. . . . Vandk.®. 

11. PtUU n /Hytvdei'i/f yraunlavy o/* seciile. 

It. Anther teriniiuil, t'n'ct Opitryeje. 

h. Anther t<‘riniiuil, opercular Aur^TnrsE-i?. 

c. Anther dorsal Neotte^. 

± Anllurstwo ( :ypripei>ie.«. 


Affluiticii, — Tn the greattu' part of the giuiera the Moin)colyledo- 
iioiis tv])e is departed from in .se\eral ]mrticnliirs, as: — in a more or 
less coiisiderahle irregularily of the perianth, especially in tlii' condition (►f 
lh(‘ hthelhwi^ in the circuinstancM* that the lihinients are confounded with 
the style into a central organ, ]iroloijged from the interior ovary, calh'd the 
ce/wwiw, and that generally 2 out (»f t> (at leaM .‘1) anthers, are abortive, 
while the pollen is frequently less developed than usual, the process of 
subdivision into distinct v.o]\n or grannies being arrested, so that it remains 
in compound niassf*a of various fl«*gree8 of mugnitiide and of more or 
le.s.s tirm and cjveti wtixy C(»n.‘iist(Mico. In some cases, however, as in 
Thelymitra^ the perianth is almost regular, so as to rescunble that of 
.some of tho genera of Iridaccje; and in Cypriitfdinm W(5 find 2 ant hers 
developi^d and the rest ttb<»rtivc. Among the other rt*inarkable ]MM*uliaritieH 
of th(^ structiu*o are proces.ses of larions Kinds occiu*rifig upon tlu^ coliuim 
and hihelliim, which there is rca.son to regard as iridieations tif almrlions 
of .stamiiial organs. These have given ri.se to the opinion that 1h(» ele- 
ments of 2 circIoH of stamens exist in this Order, of which 5 are usually 
suppres8t*d, the perfect one belonging tc) an exUsrnal circle of .‘1, while iu 
(}yynpedium the 2 which are devolopd are members of the inner cirPh» 
of 3, one of which, with the entire outer circle, is aborlivn. Tho position 
of the organs may bo thus shown In typical flower th(‘ arningj?- 
mont would bo S . • . P ■ . • A • • . 4* ' • ’ ‘ • lo Orchids tlu^ ar- 


rangement i.s I S . • . P ' 


’ G .• .,the dots nfpresenfcin^ those 


organs that are present and their relative po.sition, the circh s tho.se organs 
that are suppressed. In Cyimpedium the formula is S . • . P •• • A 
-|- -Q* (i . These views are supported by numerous exceptional in- 
stances, in which some or all of tno ordinarily suppressed stameris are 
present, and by the anatomical construction, which reveals tho existence 
of as many bundles of vascular tissue in tho column and ovary as there 
ai-e stamens and carpels. Thelasis has nonnoUv throe stamens. The 
suppression of 2 out of 3 stamens cornnocts this Order with Marantacem 
and Zingi^^racem, where the same phenomenon exists in a diflei'ent modi- 

2 B 2 
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li(*atif>n, as intMitioind under thosjj Orders; the AjK)staHiaeeffi have 2 
stamens only, with thinr lilanients adhering to th(i lower part of the style. 
The ovary is apparently formed of ;] earjM'ls, with the stigmas simple. 
Since they alhu'iiate* with t he placentas, Liiulley supposes tln‘ ovary to bti 
fen’ined of () carj)els, 3 fertile and barren; but tins seems contrary to 
analogy and without sutlicient indojxndtmt support. In Apostasiaceui, 
Marantaceje, and /ingiberacem the ovary is .‘)-celled, or sometimes imper- 
fectly so in tile last, from the margins not me«‘ting in the centrt‘. iielcni- 
•pvdwm has a 3-celled ovary. Tlie stunls, which are. very minute, are of 
simple orgaiiizali«)n : the ovules, at the tiiin* of fertilizntion, consist solely 
of an embrvo-.sic with 2 integuments; and the ripif seed presents aa embryo 
devoid of di^liiK-l organs (cotyledon and niclicle), enclosed in a loost» testa 
— in this respect »‘.vhil)itii'g a relationship Ij» Ihumanniacea'. 


Fig. 4(»1. 



Fig. 4ftl. OrchM flower, itiowing the parts of the porianth and column. 

Fig. 402. Flow'or of Drakta : the parts of the perianth are turned bock to show the column 
and the lip, whieli ie jointed in the middle, and endowed with hinae-Hke 
motion when irritated ; ho that an inneet alighting on it in entrapped, and in its 
BtrugglcH toeseape nmioves thcpoilen'maasiies. 

The labellum souu'tiines exhibits irritability, mtiving spontaneously or 
when touchi‘d (Megaclinhun^ BoIhophgUnm, Brakpa^ &c.i (fig. 402): its 
forms are mo.st varied and strange, often causing the mitiro flower to rt*- 
seQible an insect or some other living object. The rostelliira and stalk of the 
polloii-masBes ai*o also endowed with cuntractile properties. In Caftutetum 
these aw so powerful as to cause the sudden forcible ejection of the pollen- 
masses from the anther-cells, when the roslellum or other sensitive oi-gan 
is touched, aa ^ the proboew'is of an insect. Insects visiting the flowers 
of our common English Orchis, for the sake of -tho honey, come into contact 
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with tlio ri>st(‘l]iim, and thiiH liberal" the 
polhin-iuaMMf.s. Tht\st; latltT iidhm* iirmly to 
tin* insfct’s back bv iiioaiiH of a ^land at tlio 
end of the slaUi, ho that the pollen-inaHH in 
conveyed to another Hi>\ver. It imiHt, liow- 
ever, b(' remarkt^d that if th^ polleii-rmiHH 
retained the nearly \ ertieal dir<»ction it had 
on its i*xit from the anther, it would, when 
introduced by the inscict into another fl»)wer, 
Htrik(‘ a^^aiiiHt the anther, and not against 
the Htigiiia. In order to place the pollen 
in Huc-li a p(j.sitioii that it shall iniping<> cm 
the stigma, the caudicle or stalk of the 
iM)lleii-timss contracts so as to gi\etho pol- 
len-mass the ivqiiisitc* horizontal dinv.tion. 
'Phis moveincmt can readily be se»*ii by 
thrusting the point of a penc ilinloa ilowe.r 
against the rosU'Uum, when the pollen- 
nnisst's will atlhen* to the pencil, and may 
be witlidraw’ii fiMin the antli<*r-case, anti, 
if watched, will be. se<*n to ljt‘nd dowMi- 
wards, in the manner just describe<l, im- 
mediately after their nmioval from (he 
anther dig. 4()4). These mo\em<*nts will 
be again alluded to in the physiological 
]Kirtion of this w'ork. 


Fig. 404. 



Fig. 403. 



Colniiin of Vanifht from the* front wnl 
fruiii the sidr. th<‘ purtH of the 
jxTiantli out iiwuy: a, thr antlirr; 
r. th(> ruMUilium; th« 2 points to 
tkr Btigiutw 



Orehu fijframidaltJt; a, polli'n-niasH juHt rrmovrd froir (hi- liiithi-r. ^ortieiil ; 
b, polI<>n-/iiiMfM'Kdi\i<r{'i>ut and hori^o itai. 

Two distinct forms <jf the jKn'iunth Honietimes pn*sent themsc‘lveH mi 
the saini) ilowor-s»pike, so that the same species has received two specilic 
titles, and even thiw distinct generic names: — e. g., JfouarhanfhtM^ 
Myanihm, and Cata^luffif now aU iuehuh'd in the last luimed genus, 
and C)/r7iocfu‘s ventricumm and J^ffertonianmnf now known to be* forius of 
one and the same .spc'cies. This was considered a most anoiimloiis drciini- 
stanee till it was shown hy Darwin that the difl’eient forms represt‘nt<*d 
dillcrent sexes, the male flowers being different from the female. 

The Orchidaceae an* terivslrial in tc*mperatAi clIniati'H, forming subter- 
raneous tubers or tiiberouslv enhii^ed fibroiw roots, from which tho 
dowering-steiii shoots iip afresh every wason. In warm and moist (‘limates 
they are very fri^quently epiphytic, hanging on tho branches of trees, or 
even attaching thiimselves to riH’ks and other fon'ign objects. These kinds 
gimerally form some kind of stem-tuber, either from the k)^ye^ interne des 
of tlie axis which has just tlowen*d, or of a new axis, sometimes from the 
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wliolo of the inh'modes of a lon^ jointed leafy axis, &c. Tlte roots wljieli 
down from them are soft niid delieati; at tlie apex; and tho opitladial 
cells exhibit spiral-libroiis thickeuinf? of a j^i^culiar kind. Awjrmcum fimak 
lias neither true roots nor leaves. Neottta mdm avis has buds on the ex- 
tremity of tho roots (Van Tieirheni). Ejnjuttfmi Gmelmi and Qynillurhiza 
mnata arc* also rootless. The embryo is a mere cellular globule borne on 
a sus|K'nsor. 

DlBtrtbatloiL. — Orchids aro very numerous, and occur in almost all 
paits of the globe, e-xeept the. verj'^ coldest or in very dry regions. In t<nu- 
perate climates they occur diiefly in shady woods, damp pastures, or open 
calcartious downs ; but they are most abundant in damp situations in tlu‘ 
tropics. 

Qualltios and Uaca.— Tho properties of these plants arti generally un- 
important. Tlie subU>rranean tubers of soino form nutritious food, from 
the pr(*s*mct< of a giiminy substance : that of a native specii's, Orvliis mas- 
cttitty was formerly (M)ll(^cted and sold for the ])reparation of Salop; and 
other kinds are eaten in India. Some of the South-Amtuiean yield a kind 
of v(*getahle glue ; AjdtHitrum Imemaley tho Nortli-Ainericaii Putty-root, is 
ustid for making a cement for china. Tho moat important plants, perhaps, 
Vafiilla plani folia and other siK'cies, and a species of JSohralin, the dric‘d 
pulpy ])ods (^f wliich furnish tlie vanilla used for flavouring chocolatt*. and 
confectionary. A few others are desc*rihod as having medicinal properties 
of various kinds. 

AnosTAsiACKiE is a small Order of porcmidal horhs nearly related to 
Or<^hidacoai, b(Miring a ivgular nerianth and 2 or stamens which are con- 
fluent by their filaments with the lower part of tlie style (the anthers free), 
forming a kind of column, nrolonged above into a filiform ]iroct‘S 3 with a 
3-loh('d stigma; ovary .‘{-celled, with axile iimny-soeded placentas; seeds 
appartmtly as in Orchidacoa\ — These plants difler from Orchids chiefly in 
the free condition of the upper part of Ihe stylo and the .‘{-celled ovary ; 
but ns tile lathu- character is inr<inslant in some MonocutyJ(*donous Orders, 
probably this Oicb^r aht)uld he united with Orchidacon) ; they art* nt»ar to 
Jhirnianiiiacete also ; but that Order has five stamens. Lindley regards 
this Order as connecting Orchidaceac with Anuirvllidacejn through Hypox- 
idatjcffi. They are natives of damp woods in tropical India, and ai*e 'with- 
out known projH‘rties. — Geiit'ra : Ajtostfmuy Jfl., &c. 

UiiRMANNiACKjK am small annual herbs, tiften with minute and scale- 
like ItJaves, or thost< near the root grass-like ; tho flowers perfect, with a 
C-cleft petaloid perianth, tlie tube of which adheres to the l-colled or 8- 
celled ovan' ; stamens 3, distinct, introrse, and 8upt*rposed to the inner seg- 
ments of the perianth, or t» and extrorao ; stigmas 8 ; capsule many-seeded ; 
the seeds very niinutc, with a homogeneous uiioleus in a loose membran- 
ous testa. — Nativi*s of tlie tropics of America, Africa, and Asia. Some are 
probably parasitical. The ailinities of these plants are rather obscure ; 
they apparently agree with Iridace® in the character of the flowers, but 
differ/ m the position and number of the stamens ; wdiile, by the seeds 
resembling; those of Orcliidacea), they form a cc»nnecting link between 
these two Orders. They are also related through Taccacero to Aristolo- 
chiacesD. They are said to be bitter and astringent, but ai'e unimportant 
in these respects. — Genera : Bunnanniay L. ; Thisniia, Giiff,, &c. 
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ZTNGIHEUACEjfC (the Ginhkb Obdkr) consist of herbacpous 
percimials with a crtiepinp rhizoino ; leaves broad^ with a sheatliirig uolitjh*, 
and nuiueruus parallel veins diverging from a midrib; dowers spiaed or 
racemose, wdih spathac;eous membrnuous bracts^; peiiaiith fulherent, 
irregular, in three circles each of three parts, one petal Ixdng larger in 
each of the two inner circles ; stamens 3, distinct, 2 abortive, and tin* 
fertile one posterior, opposite the labt*llum or large segment of the inner- 
most pcriiintJiinl whorl; anther 2-(.*ellcd; ovarv 3-celled, or w'ith the dis- 
si'piments iiii jK^rfect ; seeds numerous, often arillate, with tlie embryo in a 
mv(viteUus) within the perisperm. — ^Illustrative Genera: (5»rtn.; 

Amomumy L. ; IleSychium^ Koenig; Alpinia^ L. ; Costua^ L. 


Fig. 4(55. 



Sedyekiwn : A, B, loculiddal caiiHuli* ; C, Bf»ed with arillus ; 1), section of sued. 

Afllnltlefl, &o, — This Ord'^r is ncaily relat<*d to Marantacenc, Drchidaeen*, 
and the allied Orders, but may always be distinguished by the only fertili* 
stBm(*n being situated next the axis (posterior), not next the bract (an- 
terior) as it is in Orchidaceai (before the ovary becomes twisti-d), or lateral 
as it is in Marantacen; ; the ovary is usually 8-celled, like that of Maran- 
tacea*, but the embryo is contniitt*d in a special sac or vitellus, which is 
not present in the seeds of either Maranta or Orchids. 

DLrtrlbatloiu — A large Oi’der, consisting mostly of tro])icnI plants ; the 
peater part East-Indian, but a few occurring in America, in Africa, and 
in Japan. 

Qualities and Uses. — lleinarkable for the pleasant aromatic and stimu- 
lant qualities of the rliizomes and the seeds of many kinds; some are 
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ustiiiifront, many yiold ntarch, and sotne colouring-mattiTS. Ginger is the 
rlii/.oiiio of Ziwjiher offleinale : preserved ginger is made from the younger 
parts of the rhi/oiiies. Cardamom seeds aro obtained from Amomum 
Cardamomum (Itoiind Cardamoms), A. ampistifoUum (Mtulagasciir (^ar- 
dainoms), A. maximum^ A, arumatimmj UIHtaina 9nqfor (Ciiylon), and E, 
(^ardittminum (Malabar). Tiirinerie conaists of the vellow-coloiired rlii- 
xomes of Vtirrumn hmf/a\ thc^ starchy rhizomes of some ICasl-Indian 
species of ihtrvnmn furnish Arrow-root. Galangale-roof , which has pro- 
]»ei*ties resemblijig tho«i of Ginger, consists of the rhizomes of Alpinia 
Gdlanffa and rnrnnosai Zodoary, of tlmse of Curcuma Zcdmria and 
ZcruKwmt, Amomum Orana Paradiai yiAiln th<i Grains of l*avadist‘, list'd 
as stimulants, and also for giving pungfuicy to spirits and beer. JNIany of 
tlm species have very b'aiitiful blossoms, and aro ciiltivati‘d in st(»v«\M on 
that account. The bright colouring is found sometimes in the bracts, 
sometimes in the perianth, as in lledi/chium coronarium. 

MAEANTACEiE. Tue Akiiowroot Oudeu. 

Coh. Amonmlea, BeufL ct Hook, 

Diatfnom. — Herbaceous plants with crooning rhizomi's, resembling 
Zingiberac(‘iL‘ in haint, but with the pi'riunlli niori' irri'giilar, and thi' 
inner segments often abortive ; of the tJ stamens o art' pi'taloid, and 
1 lat(‘ral fertile* 2-lolx‘d, with a 1- (2 P)-( elled anllier on one of its 
lobes; ovary irdVrior, l-o-c<‘lled, with numerous jiensjiennic seeds: 
embryo not enclosed in any special sac.- Illustrative Genera; Marania, 
rium. ; CanuUf L. 

AlBnitleii, fto. ” The alTinities of tliis Order, often called Caiinacerc, aiv 
tliose of Ziiigibt*race{e, from whiidi this Order is separated by the place of 
it.- fertile stamen (lateral) and by the absence of a vitelliis or special sac 



BingrantiB of tho flowoni of MarantHaeie (M), Zinpberacee (Z), and Orchidac«fv rO). Th#* 
mnall open oirttlei are fertile HtAinenR,' the blaek dota abortive Ntamenft; the black dote 
with the broad line scored thronah are petaloid stameiu. The X indicates the nodition 
of tho axis, the broot being exactly opposite. 

j? 

roiirtd the erabvro. If we assume the Orcbidaccre, as mentioned under 
that Order, to have the rudiments of a double series of stamens, the rela- 
tions of OrchidawjSB, Zingiberacore, and Marantacete are very close, and 
yet their distinctions very clear (iig. 4(50). 
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Orrhulact'Oi, with a double periauth and two eirdcs of stamens, have 
the anteiior staiium (belonging to the outer circle) devdoped, tlie rest 
abortive, or pri^uit in the form of horns, ridges, &c. (O); or, in (J/y>W- 
ftediunij they have the two lateral stamens of the inner circle de\i*loped, 
the anterior and all those of the ouhu* circle abortive.^ 

Zint/HjerarecCf ’with a double perianth, have tlie outer circle of stamens 
petaJoid, foi jiiinga third perianthitil circle, the odd (posterior) stamen of 
the inner circle developed, the 2 lateral abtnli\e {7.). 

Marantavf'fef with a tlv>uble perianth, ha^e the outer circh» of stamens 
more or less developed in a jw*tjiloid form, ns a third perianthial circle, and 
one lateral stamen of tlie inner circh* fertile — tlie iitln*!* lat<‘ral stanien, 
witli tlie poMerior one, Indiig abortive (M ). i)r. Dhdtie has lately shown 
that the anther of l-mnw. is in ivality :*-celled. 

Miehlin* gives a ditfi'rent explanation tif the flowers of these plants. 
According to him the tlow(*rof ( (tiwm consists of teriiarv verticils Hlteriia- 
tiiig one with another, the two outer constituting the wnlantli, the two fol- 
hiwing on<‘s the aiidneciiini, and the last the pistil. Tin* periant h and jiistil 
are complete, but the outer whorl of the andrtccinm is eoniplel4*lv snp- 
pres.sed, as is alsoon(3 stamen of the inner wliorl. ()f tlie two remaining 
stamens of this inner whorl, one Inis half an an11u*r only, tin* other is 
entirely pe.talodic. 'Fliis w*cond whorl of the andrmciuni also fuiTiislies 
accessory appendages of different shapes in various gimerii. In Zingi- 
beraccje tlie outer w’horl of stamens is .snpjn-essed, but the inner wdiorl is 
complete, tliough tliere is only one perfect stunien, and this has two antlier- 
lolHiS, In Mnsaceic tin* inner row of the aiidvieeiiun is coniphdc, and only 
one member of the outer one is delicient. Jn (\tfpripvdwm there is one 
member of the ()ut<'r row present as a stamiiiode and two of tlu* inner. 
In Xvridcie, Jlnrmariniaeeie and some I'h'iocaiilons, the inner wIhu’I is 
complete and perfect. In Irids, (trasses, and most Orchids th(‘ inner whorl 
U supprcs.s(?d. 

Dlirtxiliutlon. — The species are numerous, and iialivi*s chiefly of tropical 
America, Africa, and India. 

Qualltios and Uses. — "J'he abundance of pure standi furnislu'd by the 
rhizomes of many species eoiislitiitcM the principal feature of the Marun- 
taectti considered from an economical point of view. Iriie Arrowroot is 
obtained from Marania amndinawa^ AUimyin, and mthilu (West Indic's), 
and M. ramoaisiHitna (East Indies). 'I’ous-le.s-Alois is derived from specit's 
of Camm^ probably O. covcinva, Atdttraa, eduh'a^ &c. Cauna indica is called 
Indian shot,” from its iM'autifuUy spbt'iical seeds. Some of the species 
are cultivated in our stor es. Many of the spei ies of (Jalatkea and Maranta 
liave beautifully coloured foliage. 

MUSAC^'E^E (Bananas) are large herbaceous plants with longsbeatli- 
iug petioles forming a spurious stem ; leaves largi*, with a strong midrib 
and parallel lateral veins ; flowens onclost'd in a spatlie, hermaphrodite ; 
perianth moi*e or less irregular, adherent, ptdalold, in two S-merous rows; 
.stamens 0, on the segments of tlio perianth, some iilwava abortive ; anthers 
2-celled ; ovary Jl-celled, inony-seeded, or rarely Jl-.see<led ; fruit a capsule 
or succulent and indeliis<*eTit ; embryo at the end of peiisperm. '•'Illustrative 
(lenera: llelicoma, L. ; Mum, Tournef. ; iitrelitzia, Banks; lUtvenala, 
Adans. 
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Affinities, &e. — With certain wc^U-marked difftircnces, these plants ap- 
proach in some doj^re^ to the Maraniacete and ZLngiheracein in habit, 
cially iu the cluiracitt'r of the foliage, but the Miwoceas have 6 or tf more or 
less perfect Ntaineiis and no staminodes ; from the AniaryllidaoeaEi, which 
they resemble in tlie epigynous liexandrous structure, tliey differ in the 
irregular flowers, the general habit, and the character of the bracts or 
spathes. 

Distribution. — A small Order, the species of which are generally dif- 
fused, wild or in cidturo, in the plams of the tropics and subtropical 
regions of tlie globe. 

QualltiOB and Uses. — Tliese plants are most valunbk) ns sources of food and 
fibrous materials. Mum paradmaca^ the l^lantain, and Mum sapieTitum^ 
tim Banana, are. plants bearing gigantic leaves on long petioles, the im- 
bricah^d sheaths of which form a pseudo-sUmi many f<*et higli. They 
produce large clusters of pulpy fruit containing much sugar and starch, 
which form a very important article of food in the tropics. Several other 
species of Mum yiedd similar fruits. Tlie leaves ait* used for thatching 
huts, or split up for plaited work of all kinds. The fibre of the petioles 
is a valuable muteriul, especially that of Muhu te.vtiliSf tvhich is known as 
Manilla Hemp. 1'he young shoots are also eatiiu boilotl. Itaoenala 
syjcc/e/jfl has an edible seed; a quantity of watery juice exudes from its 
petioles when cut, whence it has boi*ii called Arhra dit vuyageur, Strc- 
Utzia is a genua with very handsome flowers, several s})ecies of which, as 
also of Aftiutu, are often cidtivated in stoves. 

AM All Y L LIDA CE.E. A ma b ylli db, 

Coh, Narcissales, Hook, 

Himinom . — (chiefly hulhous and scape-bearing herbs, not scurfy or 
woolly, with linear flat root-leaves, and pen-feet, regular ( or nearly so ), 

0- aiidrons flowers ; perianth potaloid, O-parted, its tube inseparate from 
the 3-celled ovary ; the s(*gments of the limb imbricated or valvate in 
aistivation ; anthers iiitrorse ; fruit a 3-valved, loculicidal capsule or a 

1- 3-.seedod berry; seeds with fle.shy or liorny perisperm ; radicle turned 
to the liiluin. — Illu.slrative Genera; Tribe 1. Amauylleab. Bulbous 
plants, without a coronet. iiulanthuHy L. ; Amaryllinj L. — Tribe 2. 
Nabciskeas. Bulbous plants, -witli a coronet in the perianth. Pan- 
vratium^lj.] Nni'cmuHyij. — Tribe 3. ALBTncEMEiirp;^:. Fibrous-rooted; 
uo coronet. AMnvmeria^lA, — Tribe 4. Aoavk.®. Fibrous-rooted; sepals 
and petals alike, valvate in icstivatiun ; no coronet. Ayave, L. ; Foureroyay 
Vent. 

Affinities, fto. — Tlie floral formula may bo represented as follows ; — 

I l’ 3-|-3 A'^+il Hib This epigynous Onler contrasts with the liypo- 
gyiious Lilia^®fti ; among its (qdgyuons allies, Iridaceu} are dislinguisbed 
bv their 3 stamens and extrorse anthers : its nearest uUies are lltemodo- 
racerif and llypoxidocea^j the characters of whicli are given elsewhere. 
The coronet of the Narciasete is sometimes regarded as a circle of abortive 
stamens, but is more probably an outgrowth from the tube of the 
perianth. 
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DLrtribnttoii. — A larf^ Order, the speoifta of whieli aregpnenilly diHu.si*d, 
but whichj like lridiu*ew, have their maximum at the Ou^m; of (nuxi 11 o]h*. 
The Narcuseo! are common in Europe, while the genera unprovided witli a 
coronet aro very rare in Europe and North America, but abomid in Soutli 
Africa. 

QualitleB and Uses. — The Amnryllidaf em are coiiimonly cliarocterized 
by active properties, the AnutnfUe^s and the Nardsatce especially being 
emetic and purgative, and even poisonoua; the juice of the bulb of 
Hcemanthu» toxicarius is used by the Hottentots to poison arrows. 
The Snowdrop {Oalanthus nivalin)^ Snowllalve (Lnicojum LYrniim)^ the 
Dafiodil {Nurci»mn Piieudo^NarcimM)^ with the other cultivated 
l^mwratium maritipfivnif &c., act as emetics. Others ai-e astringent ; but 
starch is washed from the roots of some species of Alstrc^nutria, The 
Afjavcs are exceedingly valuable plants, having abundant innocuous sae- 
cliurine sap, and large leaves containing exctiUent fibre. Af/atr amcricanUj 
called by mistake tlie American Aloe, is tlie Hundred-years plant; but 
the statement that it lives 100 years before ilowejing is liibiih)U8 : it is 
a native of America, but is naturalized in some parts of 8. Europe, and is 
planted, on account of its large spiny leaves, to form fences. Erom this 
and other species is obtained I’ila thread, a valuable hbre; I'ulqiio (a 
fermented liquor) and a brandy distilh'd from this are made by cutting 
the buds out of .<4y«cc-plaiils and colhM’ling the sap, which exudes in great 
abundance when this operation is peuiorun^d just before the flowering 
stem is pushed out ; these jilanfs ar(j also called Maguey-plants. 'I'liis 
Order affords a number of beautiful llowc*rs, more perinunezit than Jrida- 
cea3, and often attaining a very largt) size. Most of tlu'in are aiiiiual 
liower(irs; but the ha\ing remarkable, foliage, like that of the 

Alues ill Tdliacem, produecj lluwering stems (^sonieiimes many feet in 
height) after vegetating for a niiinber of years, wJiejice tlie story of tlio 
Hundred-years Aloe, ^^tcrnhcryia hitva is supposed to be tlie Lily of the 
fields referred to by Christ. 

IlYPOXinACKJE are a small Order of epigynous ^Jonocotyledons, nearly 
related to Amaryllidaceoj, hut dflfering in their habit, bnvinjj hairy 
foliage and no bulbs, and in their usually strophiolat(.‘ seeds having the 
radicle distant from the hiliini. The (i stamens, the imbricated, distinc.tly 

f ietaloid perianth, and the habit of the foliage seiianite them from 
ridacem. — They occur scattered in the warmer ))Rrts of the ghibe, ami 
are apparently more or less bitter and aromatic. The tubers of some are 
eaten.— Genera: CurculiyOf Gicrtu. ; FurbmUy Eckl. ; Hypodisj L. ; 
Sauridia, IJarv. 

IlTKMonoitACEjw arc herbs with tihrou-s roots, nsiially equitant leaves, 
and perfect 3-(i-androus regular flowers, which an< woolly <ir scurfy 
outside ; the tube of the O-parted perianth adherent to the whole surface, 
or merely to the lower part of the 3-celled ovary ; anthers introrse ; sta- 
mens superposed to the petals when 3 ; secMs with* cartilaginous perisporm ; 
radicle remote from the hilum. — The structure of the genera included in 
this Order is rather irregular: from Amaryllidocciie they are usually 
distinguished by the woolly tubular perianth, the equitant leaves, and, in 
some cases, by the 3 stamens ; but none of these characters are without 
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exception ; from Iridarom tlin triiindrous jifonerti differ in the stamens boinj^ 
iiitrorst? mid .superposed to the potaLs, which In.st rharacter also Hopnrates 
them from 1 1 ypoxidaetjjn. 'Fhe radicle is said to bo remote from the 
tiilum, as in IJypoxids ; while it Is next it in Aniaryllid.s and Irids. The 
VvUuzuv and Hiirhavniita are more or less arborescamt, and in some dej^rco 
branched, especially the former, which liavi* a very remarkable aspect; 
in many respects they approach Broineliads. — The plants are iiative.s of 
America, tlm (‘ap<*, and Australia, and have sometimes bitter and ostrin- 
properties, a.** Ah tria farinom, Th**. roots often contain a red mntt'r 
Hvaihible as a dye, whence the name of Hlood-roots ; Lachiia7ith(*fi tinrtoria 
is used in Aiuei ica for dyeinj?. l^la^ roots of several specitis of ll€4‘inodoriim 
are eatmi, roasted, liy the natives of Australia. - (teiiera: lltomadomin^ 
Sm. ; Alefnn^ L. ; Vvlluzitiy .Mart. ; BaAnuu niu, X'aiidelli. 


IKlDAChLIil. The Fi.ao Ohdeh. 

ihli, Narcis-sales, Bnifh, vi Hook. 

ll(*;*bs with bulb.s, conns, or rhizomes, equitaiit, 
i^-rsiiikeil J(‘aves, and perfect, ret^uhir or irrc'j^ular ilowers ; the sc'"- 
jiieiits of the (i-partod pedahud pcriaiitli (iijr. 4(J7) cun\oliite in 


Yifr. 4d7. 



Fig. 408. 



Fig. 467. Vertical srilion of the flower of Iru : a. inferior ovurv. 
Fig. 408. Htigiiitt^ of Croeun, 

Fig. 409. LnouliridHl ca^isule of Iris burst 
Fig. 470. Plan of ditto. 

Fig. 471. Bcction of boimI of Im. 


the 6nd in 2 circles : the tube inseparate from the 3-celled ovary ; 
stamens 3, superposed to the outer segments of the perianth, di- 
stinct or monadelpboiis ; finthers extrorse ; style 1 ; stigmas 3 
(fig. 4G8), often petaloid (Iris) ; capsule 3-valved, loculicidal (figs. 
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409 & 470); smls with horny or hard fl(?shy porisporm (fi^. -171). 
— Illustrative Geiu'ra : L. ; Tit/ridiu, Juss. ; (tladiohm, 

Touriiet*. ; /.riV/, li. ; Crocus^ Toiiriief. 

Affinities, &e.— The tribes of this Order (Ixjka?, Iiiidk.i:, nnd Oi.mmo- 
LK.i:) are dlstin<^iisbed by the rejrular or ini‘»^iilar ptMiniith, tin* froi* or iii- 
sopanite slaiiieiia, the iilamonls equal or luiecpinl in length, tin* lorni of t lie 
stiji^ma, &e. The floral formula is | A .‘1 (i ,T. Amon*? tin* (‘pita-y- 

nous petaloid Mono:*olyledoHH, the Iridueeje approntdi, by j^eiu'ra like 
Crorus, the Aiiiaryllidaeoto, which, however, have (1 introi.se stanieus. 
Th(* sanui character separates the epijrynous Jlniineliacea*, wliich have 
some aflinity with this family ; one plant of this ( Vder, I’^h uf/wrmr 
anumttht^ has, liowever, been described n.s havitif^ six stamens, probably as 
an accidental occurrence. Orchidact*:!* differ in the ^yiiandrous structure; 
Marantacejc and Zinjrihenu*ejc in tlu‘ir luonandrous state, as also in the 
character of thidr foliajre. The little Order Ihirniaiiuiacea* resembles 
Iridacea} in many particulars, hut differs in some esseufinl points men- 
tioned under that ord<*r; and this i.s the cnsi^ also with Xyri(la<-eje. 
OladiofvH has slijrhtly irrejrular flowers; CrociiH has ([iiite a r<*^jnlar 
perianth; Iriti has also re,ti:iilar flowers, the seemiiijr irro^rulinity lu*in«: 
dependent on the rcflexed petals and the large petaloid style.s which 
conceal the stamens. 

Distribution, - -A largt* Order, diflused throughout teinpevati* nnd warm 
climat(\s, bnt e.specially ahundaiit at the Oa}K* of Oood Ho[m*, 

CMiUtioi and UeeSt — Tin*, .sup r>f inan\ of the.se plants is Tnor«‘ or less 
acrid, pnrgativi*, or emetu*, as that the I'^Iags ( Ins) generally,, i'J'V/v/ciW, 
iSisi/nncItmmj Sec. Saffron cori.siMt.s of th«' .''lignia.*' of tin* Salfrou (])ro(‘n.s 
{(\ sfitivus) and of C. odortts {SiA]y), Orris-rmit, used in p<*rfmnerv,i.s ilio 
rhizome of Iris jl^irvniina. 'fin* trenc*ra of this Onlev eontvihnte a large 
shave t(* onr cofiections of gaid *n-l)iilbs, a.s u ill be recogniz d from tlm 
plants already named ; tinware more rciiiaikahle fin* their beautiful but 
transient flowcM’s than for any ii.'M*t’iil cpinlitv: tlie conns anti rhiztimes f,f 
some are said to be eaten, on acetiunt of tin; starch they contain, by the 
Hottentots and other races. 


BROAIELTACEA^". The Pimoapple Oni>ER. 

Cuh. Amomales, Hook, 

Diagnosis . — Horb.s (or scarcely w'ood}" plants), nearly all tn)pical, the 
grtmUT part epiphytes, with ivrsistent dry or flL*.shy and channt*llid 
crowded leaves, slieathiiig at tin* ba.'H».s, u.mu ally covert ‘d or hniidcd W'ith 
flciirty scales; pt;rianth freo or atllien*nt, in twti circles, the tmter (.sepals) 
often cohenmt, and diflljrently ct>lt)ured frtuu the innttr (pi*lal.s); which 
arci distinct and imbricated; stamens (5; t)vary .‘1-celled, with numerous 
ovult's on axih; placontas; style single; stigma Il-lt>ljtd or entire, oft<»ii 
twisted; scM'ds niinit*rous, with a niiniitt* <*nibiyo in the hast^ of u]t*aly 

f brisnonn; tin' raditde nt*xt the hUuiii. — Ilbi.strativc (Tcnera: Ananawa^ 
dndl. ; Brujnelia, ; jEchmea, P. ; liiUhergia^ 'riiuiib. ; IHtcaimia^ 
llerit. ; TtUundHta, f j. 
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AlBnlttM, &e. — Araoiifr tlie T?roin«liarpffi aro found both epiprynoiw and 
hypt»jj:ynoiis (ifuiuu'a, as well as forms with a partially adherent peiianth ; 
on the whole, tho tendency is t.o the former ronditioti, whence the Order 
must be regarded as an ally of AmarjllidacM'ae, from ^yhich it differs in 
habit and in the mealy perisperiu ; fr(»m Iridacore it differs in these parti- 
culars and in the (V-androiis stamens, while tht* stylo and stigma are 
somewhal. similar. The cluiracter of th(‘ habit, and tho often distinctly 
characterized calyx and corolla, offer a r(‘sc*mblance to Hydrocharidoeece, 
wdiich, liowc‘vor, )mve aperispermic seeds. Tho fruit varies much in this 
Order, being ccuiimonly capsular ; but in Arumama tlu* (‘iitire spike of 
inflorescence, together with the 8t(‘ra, becomes blended into a suceulent 
Horosis, forming llie fruit of the well-known Pine-apple. 'Hie scurfy epi- 
dermis of tlie leaves displays a very intt»r*^sting microscopic structure. 

Difltrlbutloii.— A c()nsid(‘ra})le group, lli(‘ members of which are, for the 
most part, natives of tro])ical America; but some aiv now naturalized in 
West Afri(!a and the 1'^ji.st Indies. 

Qnalltlofl ond Usos. — Oliiidiy inipoi’tant for tlu‘ fruit of Ananami, fibres, 
colouring-matters, sind other «‘coiiomic products. Jirmnelia Vimjmn is 
used as a vi‘rmifuge in the West Indies. ISltuiy of thi^o plants grow 
upon tho branches of trees (epiphytic), and tluT appear to bi capable of 
obtaining the greater part of tneir nouris!im(‘nt from the atmosuhon* ; 
tlu'ir rigid, tough epidt'rniis eiiable.s their siuMUilent loaves to witnstand 
the iiifluiMice of a hot and dry atniospliere. TUlanMa called 

Old- Man’s Hoard, is a common ])lant, forming a deiist* mass of dark-co- 
loured fibres, which hang dt»wn from the boughs of the trees of tht' forests 
of tropknil America, as Lichcuis do in colder climates. Most of tho 
genera havci brilliantly coloured flowers, sonu'tirnes in tall rac<*mes and 
panicl(‘s, wh»‘iicf‘ th(‘y arc' mu(;h ostt*emed us ornamt*nlal stove-plants, 

IIVDTIOniAIMDACK-E arc' aquatic luubs, with diclinous or uolyga- 
uious regular flowers issuing from a .^piithe <»u tin* end of seapeJike pe- 
duncles ; floral eiivehqies in a single or double circle, in the fertile flowers 
united into a lube ami ins(*parate from llu‘ l-t)-celled ovary; placenta 
parietal; seeds without perisperiu. — Illu«<trative CJeiiera: f/dorfl, Nutt.; 
VaUisnfrldj Mich. ; Stratiotes, L. ; IhjdriK'huris, L. 

AfnnlticB, Ac.— 'riit' sum or comhinntion of the characters of this interest- 
ing Order keeps it apart from all other Moiiocotyledmis, while' the characters 
taken separately connect it with many. Tlie inferior ovary and, in the case 
of Stratiofeny tlie habit connect tluun wifh Hronieliaccm ; the 3-nierou8 
])etaloid flower and nperisp(*rniic seeds witli Alismacenc; tho Jl-merous 
wtaloid flower and .‘l-carpellary ovary with the Commel,\maccae, which, 
however, with a superior ovary, like tins Alismacc®, have perispcrmic 
st'eds. The inferior ovary, numerous siM'ds, and general characters remove 
thi*m from Naiadace®, with which they are often associated by habit, and 
tho Araco®, with which sonm would connect tlicun ; their spatho is scarcely 
mor«i Avacoous than that of Amaryllidacoro. ValUsneria and Elodea 
{Aiiacharis) are plants well knomi to microscopLsts for tho favourable 
oppoitunitios they ofll'r of examining the rotation of tho protoplasm of 
the cells. HydrochaH^, a plant somewhat like a miniature Water-lily, is 
common in fi'osh-wator ditches ; and its sepals and rootlots are equity 
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adapted for the iriicrosropic investigation of living tissues, Elodoa cana~ 
densis is the American water-weed, which has increased so rapidly in our 
canals and ditches since its introduction from America some years Vince. 

Dlstrlbatlozi. — The species are not nunioroiis ; they are found in fresh 
watt»r in J^urope, N. America, E. Indies, and New Ifolland. 

<>nallt<es wnd Uses. — They appear to have no very active properties. 
Uydrvchans is said to he astringent. 


Series 2. CORONARlEilS. 

Flower-tubo free from the ovary. 

A, Stncarpt^. 

Carpels united ; seed usual I y perispennic. 

PJTILKSTACK-‘E art* cliinhing or ert^ct shnibs with coriaceous, iicift4'd- 
rihlK*d leaves and larg<i and sht>wy p4*rfect flowers with a (J-nuTons ])eii- 
anth in two circles, equal, or the calyx much shorter; stamens (1, adhtnvnt 
to the perianth at the Imsc; o\arv l-(‘el]cd, with .*1 paiietal ])]acentas; 
ovul(*s semianatropons Oiot orthotropous, us is coinnundy staU d). — TI icm^ 
plants, consisting of I^tpaffwia rnaca, a elinihing sliriih with Ix'HUtifiil 
crimson flowers and ha>iliAed anthers, and PhiMa hi.n’foUaf the flowers 
of which differ chiefly in the ninrk^-d difliTonce of c»lyc‘lne and e(>r4>lline 
cindes and the mode of union of the Imses (»f the filaments and \<TsaliIo 
anthers, difT<*r from Liliaeejc chiefly in tlie parietal pcisition of the jila- 
(•entas; in hnhit Lapatfenais wdated to Smda.i\ and is in some tneasiiro 
intermediat«' ht’tweon Snaikiecje and Liliacen*. Thoy aT’o ('hilian plants, 
now in cultivation with us. iMpayvria b«‘ars hw»*et edibh* berrhis. 

ROXIIUUGIIIACE.E consist, of 4 spi^cies of Po:vhuj'f/hiay tfrining 
shrubs with broad leatlierv leaves and tuber«)Ms r(»ots, fnuti the hotter 
parts of the East Indies. Their liabit eoimecls them with Smihicem; but 
tb(*ir pnanth is (■om]jr»s«*d of 4 p(*taloid pieces, and tb(*y have 4 stamens 
with enlarged connectives (eiudi .set (»f organs, accoidirig to Griffith, in 2 
dimerous circles), and tlie 1-cclled ovary (formed of 1 carpel, according to 
Griffith) has numerous anatropoiis ovules arising fnjin the ha.M(‘ of the 
cavity ; the scs.'^ile stigma lamicillab*. The fruit is 2-valvcd, with 2 
clusters of seeds attached on long cords; embryo in the axis of fh*shy 
iierisporra. The affinities of these plants are n(»t clear; but tho rc.-^t in- 
blanco is perhaps greater to Paris than to any other gcjiius that can 
be named. 

SMILACE-E (TifB Sar8apa«ilt.a Order') consists of herbs or climb- 
ing shrubby plants with stalked netted-veined leaves, regidar perfect or 
dittJcioujB flowers, wdlh the fl-lO-parted perianth of the fertile flowers fre^) 
from tlio 3-»5- (randy 1-2-) celled ovary; stamens 0-10, introrse ; anthers 
ndnate, basifixed ; styles or sessile stigmas as many as tho cells of the 
ovary, and distinct ; fruit baccate, wi%h few or several scxids ; ovules ortho- 



384 


SYSTEMATIC BOTANY. 


tpopouft; omhiTo miniito, in hard floshy perispcmi. — Illustrative Genera : 
Smihir, L. ; Paris, Jj. ; Trillium, Mill. ; l^ledvola, Gronov. 

Affinities, fto. — The plants ar(* net separated by any jrood cbaractors from 
the Asparaireoits trib; of th(‘ liiliacejn on th»' one hand, wliilo they pass 
int«) I lioseorearejo on tin* other, from which thi\v difFt*!* cliielly in having a 
siipc*rior ovary. iSmihu' re])rc.sents .Siiiihu*e/c proper; Paris, 'Trillium, &e. 
have the <*nlyx unlike the corolla, and are sometimes made a st^parati^ 
Order, called Trilliacese. 

Distribution. — A considerabl* Order in point of rnimbf*rs. Temperat*' 
parts of I^kiro]K*, Asia, and America. Many species of Sniila.v in tropical 
America and Asia. 

Qnalltios ond TTsos. — Smiln.r lias dinivtic and dt*mulcenl properties, for 
wliich the creepinpf rliizomes of many speiii*s are used, under the mime of 
Sarsaparilla, ns Sm. mrflira (Vera Cruz), S. Pur/tampm/ ('Peru), S. syphi- 
lilira ( llrazilian), S. ujfiriualif (.Jamaica), S, ijhjvyphylUt (Australia); 
Smiln.r usprra and v.vrrlsa, natives of S. J'liirope, have similar prop(*rties. 
Smila.r ('lima has a flesliy root, said to poss4‘ss similar properties. S. 
Psrmlo- China IS. larjrely used in ilomestic medicine in tin* I <nih*d States. 
Pans, Trillium, iim\ Mnhn/a arc* more allied to the atdive Ijiliacrm in their 
properties. Paris f/uadrifolia, a curious herb jjrowine* in proves in this 
country, is said to be a narcotic and poison; Mrdmla is enu*tic 

and diln'eti(!. Tin* sp'ck's of Trillium art* viol(*nt (‘in(‘lics. Pusrus lias 
curiously llatteued branches, from the surface of which the (lowers proceed. 


LTLIACILE. Ln.iKs. 

Coh. liiliales, Penfh. vt Hook. 

l)i.(t</nosi.fi. — 1 1 orbs with parallol-xoiiied, sossih* or shoal hincj loaves, 
n'oiilar porl’oct 0- (rarely 4-)aiulroiis flowers, with the liotnlold fi- 
iiK'rous poriaiitli free from the 2-3-eel li'd ovary; anthers introrse, 
attadiod by a point ; style siiipjle ; porispenn lh‘shy. 

(Jliarnrfcr. 

Perianth fre(», of d pieces in 2 circles (fi^. 472), distinct or iinitod, 
most ly of similar colour, and roj^ular. Stuntriis (5, 
introrse, sjirinpin^ from the sogineiits of the pe- 
rianth. Ovanj free, 3-collod; with numerous 
anatropous or amphitroiious ovules on axile ])la- 
eeiitas ; styles simple ; stiyma 3-Iol)cd or un- 
divided, soiru'timos sessile. Fruit dry aiul 
cjvpsular, loeulieidally valvate, or succtdeiit and 
indehisceiit ; seeds with the embryo iriostly in 
the axis of fleshy perisporm. 

lLLrSTll.\TlVK (tENKBA. 

Tribe 1. Lii.ir.A3. Anthers introrse; styles united ; fruit capsular. Utculi^ 
ddoL Tulipa, Z.; Lilium, Z. ; llyocinthiis, Z.' ; 8c ilia, Z. 


Fig. 472. 



FlowiT of Setlin. 
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Tribe 2. Colohick.*. Anthera ejciroyae; styles separate ; fruit capsular^ 
septicidal. Melaiithiuni, X. ; Colchiruni, X. ; Veriitruui, X. 

Tribt'ii. Asparagk^. Fruit haccaie, Dracusna, rand,-, Convdllaria,Z». ; 
Aspidistra, It Hr , ; A.sparag’us, Ker-, Uuscu«, Tourmf, 

jLfllBltlfis, The floral forimila Is P 3+8 A 3+3 cTTl. The position 
of the part** mav be thus repi-esouted : — P v + .\ A ■.• + .•. U the 
typical Sionocotyledonous arrau^ji'iuent, but subject to variation according 
to the positiiui of the briw.tooles and other ciiviiiustnueefl. 

The great ( Ji'der of Liliaceas has, by -M r. Baker, been divided into three 
tribes as above. Siuilaoeao (*l(»si*ly n*s<-‘rable tlu' Asparag«*n3, but all 
Liliae(‘rt* haw anat-r<i]iOLis oviih^s, and other marks of distinction are cited 
under that Order. As ali^jrrant forms of Liliacete may be nieutioned 
luriopt'je or ( Iphiopogcuieie, (Jonantheivni, connecting Liliaecte proper and 
Aiuaryllidace.'c, (iilliesieie (s<*e p. Stemoiieue or Uoxburghiacoa) (sih* 

p. 38.3), and Scoliopt'ju. Lot.king only at the more familiar forms of the 
Lilifwere, the characters of tin* flowers aw very didinite, although the habit 
of the plants brought Iwgrdher in this Order varies extreniidy ; but th(*rti 
c*xist certain genera of petaloid Afoiiociitvledoiis, whost> rehltioris appear 
cloiik'st to Liliaceie,^ which form links of chains leading ofl* in >cry varied 
direction-*, through the Oi’ders of this Subclass. Tulipa and the allii'd 
gtmera, with nsnally distinct lobes to the p^iianth and versatile antlu^rs, 
ar<‘ bulbous herbs ; Fitnkia, Uenter(tcallis, md. other genera have a mow 
or less tubular periuntJi, and often tub?*ruiis roots instead of bulbs; Aloe 
lias ihiek succulent leaves on a perennial stiun ; Yucca has a I’alni- 
like stiuii and rigid lea>'('s. Seilla, Allium, and their allies are bulbous 
herbs, diflering cliit'fly from the group Ut which Tulipa belongs in the 
lirinly fixed antluu’s, and a iiieinbranouH spatlie enclosing the inflowstMmce 
when young. Anihericum and others rescunbk* the last, but have tuberous 
or librous rOv>ts; AphyUanthes is a plant with the habit of Juneacem and 
the flower of Lilia(.*eit‘ ; A7i/i/7#<^;T/*a*<i,ag(‘iius belonging to tliii same group, 
forms a woody trunk like Yucca, or a small Palm. Asparaym and its 
allies, iuclnding Coueallaria, StuUacina, Jiuscus, &,c., together with the 
arboresc’cnt l)rac<vuff! and Vtn-dyliw's, aii* Liliaet'ic wdth sue-eulent. fruits, 
and S(!arc(;ly separable from SmiliUM'Se. Coaanthera audits allies, with the 
general structure of Idliaceie, have the perianth more or less adherent, 
tliuH approaching Ainaryllidjicese. JVachendorJia, Lnphtdia, and others 
have the fret; ovary of Lilitu*cse, but triaudr(»us flowers and the foliage of 
ricTmodoracem. Aspidistra bears somo rest^mblanct; in its foliage to 
Zingiberaceae, while the characttu* of the flowers approaches that of the 
^ complete Araceio. Ophwpofpm and Pdiosanfl^es are likewise doubtfully 
planed here; but their striieture is not satisfactorily made out. 

We see, therefore, that the Liliacesc have widely spn^oding relations, 
although the typical foriiis are at once distingulsnalile. I'lio superior 
ovary separates them from Amaryllidaceo;. Their very near oonuexioii 
with Smilocem is noticed aboye; they have a more distant afliuity to the 
Palms and to the Jiincafjea! in the general structure of the flowers, differ- 
ing from both in habit, fruits, and seeds. (Bllieauu eie and l’»intederacea; 
are scarcely more than aberrant Ijiliaceae with irregular flowers. ^ 

The stnicture of the arborescent stems of Drdcsena, Cordyline, Xan- 
ihorrh€Ba, Yucca, See. has attracted comiderable attention, since, contrary 
to the usual habit of Monocotyledons, their trunks sometimes increase 
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more or Itisa in thickiiofls with iipro. Ilow»*vf*r, tho rontiol axis oorrospoiuls 
I'ssi'iitially to that of tlio I’nlins; only a peculiar rind or false bark exist>, 
capable of increase by layers, somewhat in the same way as the liber of 
Dicotyledons. 

Distribution. — A lar^re Drder, the nu^nibers of which are >ery variously 
and widely distributed ; tln‘ bulbous kinds (Miinnion in temperate climates, 
the iibroiis-rooti*d with iheiii and in warm *r localities: the succulent- 
leaved yl/o/'M ehkdly S.-Afriean ; the arhorescMUit forms mostly suhtropieal. 

Qnalitlos and Uses. — ]Many of the f.iliacea' have active properties, and 
lht‘ juices, lh(‘ fibres, or tin" fruits allbrd products of value in the nr!.". 
'Hie juice of tlie snccnlent-letntsl /fAns drh‘s into a kind of re.^iii, iiiedi- 
eimd Alot*s, one of tlie most Aahiahle of pnrpilives; the spi‘cies from 
which it is iisMfilly olitained ar«‘ npivatfij rtflt/aris, Hucntrina^ tS:c. The 
bull) of Xh'ffima mnrilinHi is the Medi( inal Squill, valuable ns an expec- 
hiiMiit and dimelic, but emetic and ]uirpi1ive in larefe, do.ses. Piuicratimn 
(oftt'ii culti\aled for its tluNsevvs) has similar ]»ro|W‘]tie.". 7'he l»'a\e.s and 
r«)ols of Prythnniimn ( J)o‘rV-t<><»th), of lla* Hyacinths (IlyacinfhuK orun- 
tafin, litsifatiirus, nutans), and the j^tMieru Mitscan, Ornifhayatum, 

frayea, all lni\e emetic (|ualities; lla* tulMU'oii.'i tibrou." roots of Asparaym 
aiid of the liily of lb«‘ \‘alle> ( Courallaria majalis) art* said to be ]>nrgative; 
tlio.M‘ of SolonionV S<*al ( (\atr<tUarUt Polyyouafum') are acrid. /The bulbs 
of the (h'oun-imjvrial ( Ft itUlariu impt naiis) and otlao' .s]K‘cie.s«,und of f/Vo- 
riosa svprrbn^ arc said to lx* very ])Hi.s(nions. The bulbs of t la* p'lms AlUmn 
have milder |m)p<‘rti(‘.s, and at the same time jxksm'ss a pim).rent quality, on 
acr-oiint of wnicli llieyareexteihsively prrown for food, the larpre and milder 
cultivated kifid.^ bein‘^^ e.seuk‘nt vi‘jr»‘Uibb*s ; the smaller and more pimpent 
are \abi“d fm* iin])artint*' tla> our. Allium (Vpa is tla' Onion ; A. Parnim^ the 
li ’ek: -('1. Oarlie ; A. 6c/m7/o/>/vf.«noi/. the (^liivt* ; A. mcahmicnniy 

the Sball(»t ; A, tScoroflaprU'Uou, the Hocanibuli* : “ Spani."h ()nion.s,”coiniiie‘ 
fnun Spain, INu'tuj.'-al, and K^rypt, art* mild xaritdies of the common Onion, 
the hull) ^rowin«r to a buirer size, and forinin^^ of the pnnirent wrretion. 
The hiilhs of Lilia nt ptimpouiam eonstilute an important article of food in 
Knmt.si’hntka ; tla' tubei.-i of Camassia vHvahnfn are enbui by the North- 
A mejiean Indiaii.s. 'J'lu' woody roots of Dravfnta fenninalis {Coi'tlyline Ti) 
are eaten, roasted, by the Sandwich-l."landt*v.s; siif^ar and fermented liquor 
are liki'wise pn jiared from its juiec ; its leaves furnish fodder for enttk*, ns 
tlo those i)f tile (Ira.-.s-tree {Xaafhon'liwd) in Au.4ralia ; the bases of the 
younjjr lea\es niul the la'urt j»f the bud.- of the latter are sometimes used as 
(\seident vcgetahlv's. The table A.^jparajrus consists of the very young 
a 11 mull shoots (farimirs) of Aspnrayus ojfinnalis, nmdered succulent by 
cultivation. A.«<tringent re.^in.s are obtained from some kibds : Dnicttna 
Ih'acOy the Dragon-tree of Tenerille, yields the true Dragon’s Dlood, for- 
merly much iLsed ill medicine, but "now seldom met with, the resin of 
l^erorarpus ( I iCguinino.'ite) being substituted. Xanthorrhwu arhorea yields 
Dotany-Ikiy Gum,wlucb is yi*llow, pungimt, and smells like Uenzoin when 
burnt. Phonnium tena.v is the Ne\^-Zl"Hland Flax plant; the fibre of the 
leaves is very tenacious, as is that of vaiioiis sp)»cit's t)f Sanaeinera, known 
ns Afiican Ilemp and J towstring Hemp in Africa and the Kost Indies. 
Active propcTties and ust's art^ attributed to many otlier loss-known species. 
A great numbt'r of Ijliaceie, hardy and tender, ornament our rardens 
end stoves, as will be recognized from the list given above. PoUanthes 
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tfthcrosa is tho Tulieroao, c(‘lc»'bratt‘d for it a fragranoo. Tho JiuU*ht»r’(4 
Brodm {KuHctift actdeatun) is rHiiiarkablt' for its t'oliareoua ]K*dimrlo» and 
really nlmost k^afli^Hs stems ; and the fidly developed fiowering-atein of 
Anpanujm has only noodle-sliawd hninrhes simulating leaves. 

More or less poisonous qnnuties pt^'Yado tho ('olehieiirii trilK* (Melaii- 
thaeein of snmo authors), with acrhl, purgative, emetic, and simietimes 
narcotic action ; H»‘vi!ral t)f tho moi*<» fwtivu species yield vahiahlo medi- 
cines. Of Colchicum autumnaU^^ called Meailow Satlnni r»r Autumn Or<»- 
ciis, both the conus and seeds are v«*rv acUve ; Vf'ntfmin albuni^ Whilo 
I Iell(‘l)oiv, K. niffnwi, T. SuhadtUa, V. viritlr (N. Anii'rica), Amprrm 
offli'intdta (Sabadilla or Cevadilla <»f Me.\ic<i), all share the acrid narcotic 
qualities, ]ioisonoii.s or medicinal, according to the dose. Most of the idlier 
genera ai’e siL'<pir‘ions oi- dangerou-«i, exeept perlia|M tho Uvularivffi (N. 
Aiueri(*a), wliieh are said to be mi*i*ely astringcuit. 

Xyhioackje aro sedg<‘-like h^*rbs with eqiiitant k*aves sheathing the 
base of a naked sca^v', whicli is terminated by a head of jMM’fect •i-androns 
flowers, with a gluiiuiceous calyx, a regiiliir (‘orolla, and e.vtrorso anthers; 
the .*»-valved, Timslly 1 -celled capsiik^ containing sev»>nil or many oriho- 
tropons seeds, with a minute tunbryo at the aj»‘X of tleshy |M*risperm. — In 
habit these plants approach (>ypcrace:« ; hut tiu* fIo\v»*rs are |M‘taloid us 
rt'gards tlw inner circa* <if organs, or corolla, nearly approaehing Oonime- 
lynaecjp, from whit'h they dilllT in baling i'pi|M'talous i‘xtrorHe sUiniens, 
in the scaly calyx, and general habit. 'I'liey are natives of the tn»pies or 
a<ljoining regions. Various sj)(*eies of A^/m are used as ri*medies for cuta- 
neous atrectiiuis both in India and Amerieu. 

COMMKLYNAfJKyE (SiunKn-woiiTS) are Iierbs with fibrous, some- 
times thickened roots, jointed and often hrancdiing leaty stems, and chiefly 
j>ei*fect and (I-androus, often irregular tlowt*rs, witli the 2 H>rianth free from 
Uie 2— ‘Welled <jvarv, and having a distinct green caly.v and a coloured 
corolla, each of .*{ piirts, the calyx ]K*rsist4‘iit ; stamens (>, all fertile or some 
abiU’tive, <»ften very i>*euliar in form; capsule 2-.’{-celli‘d ; seeds few (2) 
ill a cell, attached by a linear hihiin ; embryo puli(*y-.sha]ied, reiiioti* from 
tlie hilum, in dense fh'shy peri.spenu.- -Illustrative tTeiiera: Cmnnudyna^ 
Dill., Tradesvaidia^ L. 

Afflnltios, fto. — Tills Order, to which bidong.s the garden Spidei-worl, 
{Trudemmtia viryinica)^ may be regarded as one of tin* groups inU'rmediate 
betwtjeii the Orders with tWierous gliimoid p * riant h, lilui the .)unea<;eic, 
and the |K‘ialoid forms like I^iliacete. The jointed solid stems of Tra- 
desemdia arf* interesting in regard t*) the comimrative structure of Mono- 
eotyledono us stems; th(*y emit roots freely fnnn the, nodes like (Irii.s.S4*s. 
The hairs of the filameiits of the stamens of T. viryinim are classic ob- 
jei^ts to the botanist, from the discovery in them of the rotation of the 
cell-sap in noii-aquatic plants. The rhizomes of Vom'inelyna cwU‘dti»y 
rosdf and others (tontain starch and mucilage, and are usihI as foisl in 
India. Some of the species are said to have mi^dicinal proix;rties. They 
are natives of India, Australia, Africa, and tho West Indies — a few of 
North America. Tradaacantia viryinica is hardy in rmr gardens. 

PoNTEDKiiACEJB an* a small Order of ac|uatic herbs with perfect 
more or less irregular flowers in a spathe ; the petaloid, 0-merous 

2c2 
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^•riantli fwo from tlie 3-celled ovarv; tluj 3 or G mostly iineqiial or 
(liHsiinilar slAinons iiiwMtfd in ita tlirt»at. 'J'lit\v are separait'd from 
Lilioceto chiefly by tlie irn'j;ular flowers, the psrsi.shmt ]^nanth rolling 
inwards after flow(*riug, and by the iui*Hly perisperin of their si^eds.— They 
sms natives of North and South America, Ijidia, and Africa, and do not 
apixiar to have any inipoilant jiroperties. Some of the VonitderUt' are 
usually grown in sto\es where there is a tank ^ on oecoiuit of their blue 
Ihjwers. 

AlAYAf'EJE consist of four s]M^cies of Moiftwa^ little Moss-like pliints 
occurring in Americn, fj-inii Jira/il to A’irginiu, separated from Ooinine- 
lynaceie on ac(;oiinl of tlieir habit, T -celled aiitJiers, 1-cc died ovary with 
]iari('tul placentas, and tlie car|k*ls (jjiposite the inner lobes (jietals) of the 
)M>j'ianth. Tlj(*y ha\e no nsefid pro}XTties. 

(iiLi.iKaiACK.Vi aiMi a small Order of plants of somewhat anomalous 
structure, related to liiliacem (see p. 38o) ; they are bulbous herbs with 
s]iikes «»f flowers wlii«di l»a\(* a dounk* circ-lo of petal* »id envelopes, 0 or 8 
subulate processes, (lien a cii];-like or Jabtdloid organ bearing 3 or G aiitlau’s 
on its inner Muiaee, and a -‘l-celh'd ovaiy. -Tiindk'V regards tlie petahad 
en\elo|)e8 and sulnilat** jivocesM's all as biiicts, and tia* structure on which 
the antln-rs are Imriu* as the ]K‘iiiiiith. Otlun- nutliors ari* opposed to this 
view. (iiJUcsut^ Lindl., and laiull., are both (Miilian genera. 

I’lm.YOUAi r:.!: are lierlis with librous roots, ensiforin leaves with 
equitaiit bas*‘s; flowers within a ]»eisisl(‘nt sjiathaeeoii.s bract, witli a 3- 
parted ])etsiloid perianth; '2 UjijxT sigments cohein^nt into oiii*; 3 c*>herent 
stamens, of which the 2 lateral are barren and netahad, and the middle 
has a two-celled anther, the whole adherent t(» tne anteiior lobe of the 
]ieriaiitb ; the pollen-c’ells arc coherent in masses of four; the ovary siqie- 
rior, 3-cel]*'d, the odd cell anterior, with axile ]ilaci*ntiis ; st'cds mirnemus, 
with an embryo in lh»* axis (»f fleshy iM i-ispemi.— This Order consists of 
two plants, Vhihfdrutn lanvyimmim (Australia) and llvta-na pij^maa 
( (fliina), exhibiting, with a superior ovary, a])]iearancis analogous. to those 
in the e]>igy nous group of Orchidaceie and their allies. Lindlev regards 
them as related hi roiuinelyiiacett* and Xyritlneefe; but they would appear 
ti» be rather a kind *)f jM-ngviious ZiiigilxMuceie. They have no knoAA'ii 
uses. 

B. Aimk’auvi-e. 

(Carpels nsiuilly distinct ; seed aperispermic. 


ALISMACE.15. 


t V>/i. Botamales, lluvk, 

— Marsh-herbs, mostly with broad petiolate 
leaves and scape-like flowering stems; flowers perfect or 
monoecious, Avitb a double perianth, consisting either of 
iLgi'Cou calyx and a coloured deciduous corolla, or of 2 
ciivles of gi’eeii scales, each of thmi pieces (fig. 473) ; 
ovaries 3, G, or uuniorous, mure or less distinct, and 
se))arati]ig into as many nuts ; seeds canipvlotropous or 
anatropous ; embryo doubled, hook-shaped, or straight, 
without perisperm. 


Fig. 473. 



Plan of flower of 
Triglochxn : x, bract 
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Illusthativk Gkxera. 


Subord. 1. JuNrAr.TNK^. /Vrt- 
anth Hcahf ; anthert^alwatfA extrorse : 
ovule inverted : emhnfo Htrair/hf. 

Tri^looliiii, L. 

ScJienclizeria, X. 

Subord. 2. AliSiMK^e. Infernal 
circle of the fierianth coloured: ovules 
mlitary or ticin; ovule and embryo 
curved, 

Alisnin, Juai^, 

A.fllnltlefl, &e. — 'Plio AliAmere Ixiar ronsidorablf* n'st'mblniiro t») tlio I)i(;o- 
t}lrd(iiious Ordor i^uiiiiKrubuvii^, wliilo linfomefc Inn** ])i*en coiupaml 
Asilh tin* N\ inphu'aiM'a* on account of tin* curioiirt placc'iitalion ; but tliciv 
is hardly any r<*Hl r»‘la1i<»nshij) in this latter cas**. On tlic <ith(*r liand^ the 
Almnere Inn** soim* {«iiiiilarity to the C*immi'lynac**a*, fr*nn whhdi they ar*» 
p«*parHt**d by I In* np**risp**riiii** s***‘d. I'liiw st nurture *>1‘ tin* «f‘t»d aj^rocs 
with that *if Naia*lnC4*a*, witli which this Oi*d«‘r is **(inn<»**t**d by the ./i/w- 
cayinefc. iSehenehztxia in this last *.li\isi*in approacln's .funcac**ii*. 

Distribution. - A siuall group, tlio meinlM‘rH *if which inluibit marshy 
localities in all parts *d’the world ; most abundant, perhaps, in tem]>*rato 
climates. 

Qualltioa an<l Uses. —An acrid pro|)erly is (**)inm()ii in the foliago and 
in tho rhizomes, but the latl**r are sometimes Heshv aiJ*l farinaci'ous, and 
tlii'u may he eaten after the acTi*Hty is removed Oy ***w»l{iiig. Satjitiana 
sinemis is cultivated f<»r foo*l in ('hiiur. Many are very handsome a*][uati(: 
plants, and aiv cidti\aled for the sake of their llowers. 


Actinocarpus, i?. lir. 

Sagittaiia, L. 

Subord. 3 . Diatom k.t:. Internal 
circle of perianth coloured : ovulee 
numerom all over the inner mrface 
of the carpels: embryo cur mi. 

ilutomu.s , Toni'nef. 

Lininochari.s, 11. cV H. 


NAIADACEA!). The Pond-weed Ohdeh. 

Coh, I’otnniales, Hook. 

Diaynosis . — iTmTUjrsed a*|uatic plants, with jointed Htetns and 
sheathing stipules within the petioles, or with 
sheathing bases to the leaves; inconsjiieuous, 
inon*eeious, diu^cioiis, or perfect flowers, whi**h 
are naked or have a l*rt*e, 8<‘ale-like perianth ; the 
ovaries solitary or 2-4 and distinct, l-<:elled, l- 
ovulcd; seed aperispermic ; embryo .straight or 
ouned (fig. 474), with a thin membranous testa. 

— Illustrative Genera ; Naias, Willd. ; Zostern^ li. ; Embryo of 
Iluppia^ L. ; ZannicheUia, Micheh ; Poianwyeton^ :a.ri^ioU-. 

L. ; Thuiib. ‘ c. piu- 

AAnltles, fto. — This Order agrees with Hydrocharidacoffi and Alismaccie 
in the structure of its seeds, but dilfers in the simpler organization of th*t 


Fig. 474. 
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inflorescence, which, as also its perianth, is like that of Spadiciflorflc, which, 
however, is connecUid with that of AliHniaci^iu in Sckeuchznria. Decaisne 
and Maout, followinpr A. de JuHKi(Mi,kei*p distinct the Juucagineae, Apono- 
^Witea}, l\)lAraea 0 , and Naiadi'se, all of which, wdth the exception of the 
iinjt, an3 hen^ included iiiuhir Naiadacca*. The ^oupscstablishi'dor main- 
tained by tlio authors just ciU‘d are collectively charactorizt'd by the 
absimce of a wrianth or at least of a petuloid peiianth, while they are 
senarated one* froTii the other by tin* form and dire(*tion of the embryo, 
which is straight nn<l slembT and wdtli the radicle next the hilum 
in Juticaj^inejp, swollen and with the radicle away from the hiluni 
in Xrw/m/, swoll(;n and wdth the embryo so curved that both its 
extremities are near the hiliirn in J’otaiuea*, swollen and with the 
radicle dirt'cted to the hilimi in Nnituh*:!:. Tlie form of the stif^mas, 
whetluT entire and Iruiu'att* or linear and divid<'d, is also ndied 
on to distinguish the .m*vi*rnl pfioiips. Some authors consider the in- 
floresconeo really sjuiiJicillonuis, and rejrard the* scaly perianth, ■\vh(‘n 
pn»Nent, as consisting: t)f bracts sniToiindin^*’ impm’feet unisexnul flowers; 
>ind this idea is siipporbsl by tin* spnthe-like brac‘t wliich occurs in some 
pfenera (Zos/m/, iV:c. ). Iroin this point <»f \iew they an* related to liein- 
nacea* ; but the character ol llu* seeds is di\ei>e. I'he structure of th(*se 
])larits is g'(*nerallv very simple, coii.si.stiiip' cl’ieily of (‘(*]lidar tissue of Aery 
d(‘lienb‘ organization , in Ounramha the lamiiia oi‘ the full-grown half 
becomt‘8 a delicate lattic<*-Uke plate, vt he intersj){iees lH*twei‘u the ribs being 
destroyed during expansion. ZWmMs n niarkablt* for its pollen-grains 
being tubular and destitute of an external coat. 

DljitHbutlon„The sp<*cies art* numerous, and an* met with in still, fresh 
and brackish Avab’T, and in tin* sf*a in nil parts of the world. 

Qualities and Uses. — Apparc*n!ly destitute of active properties. The 
leaves <»r Zuntera marina are eollecl4*d and dried on the .s(*a-coast a 
material for packing, iilling nmtlresses, kc. 


Division TI. Spadiciflora. 

Monocotyledons with flowers nHiially on more or less fleshy, 
simple or branched spikes (sjmdices), with or rarely without spathes. 
Perianth biseriate; Bi'gineiits uniform, herbaceous or none. 

Ezceptloiui, &c. — Tliis group is one readily recognizable, though not easily 
defined in words. It issnhjeet to miiny exceptional and transitional forms. 
In Palms the structure of tiu* perianth is like that of some Idliacece or Jun- 
ciwToa, but the w'gincnts art* more fl<*shy ; tlie Li*mnaeea*, usually con8iden?d 
the lowest reprtwnfativt'S of the Aroid tvw*, have so few flowers that the 
spadicifonn peduncle dot*s not repre«*nt this structun* very clearly, but it 
is surrounded by a spatln*. Taccaceir reat*mble Aracea? in habit, hut their 
flowers are more complete. The inflorescence is of the same general cha- 
rfu;ter throughout, but with many niodilicatious. 



BPADICIJFLOBJ?. 


PALMACIL/K. Palms. 


Cuh, PulmaloSy litnth. et Hook. 

Dutfjnom . — Trees or shrubs, iwostly with a simple unbrancliod 
trjink (fig. 478), uccjisiiiiially slightly nimilied, j;- 
N\ ith large terminal clustiTs of most ly eoinpouiul, 
or deeply divided stalked leaves, the stalks I 

sheathing at the base ; flowers imist^viial or per- I / 

feet, with a double iJ-mc'rous JuTbaceous perianth, Jl A 
on a mostly branched scaly spadix enelt»sed by 
spalhe (lig. 47o) ; stamens (i, hy])ogynous or 
perigynous ; ovary of I -It free or eoherent car- 
pels ; ovides solitary, rarely two ; fruit baccate ; ® iraBJBw jjr 

s(M‘ds with a minute embryo imbedded super- lijMBiy 
ticially in horny, fleshy, or bony ir^risperin. — vB/vliMBy 
Illustrative (jeiiera: Willd.: yfrmf, ^ 

1 4. ; CVr«.ry/<n^, !!.<!(:. It. ; (*<trt/ofa^ L. ; Calainm, 'ft 

L. ; 4SV(//n.s, (fjcrtu. ; Vfoms.se.s*, \ u \ Lodoicea. lia- ft 

bill.; ^<afnil^ A dans. ; Chama roiK% [ 4 . i 
li. Jil. ; J*lnnii.rj L. ; AUdlcay Jl. B, Iv. ; i'JlalSf 

Affln 1 ti 0 fi. fto. — The l*ahns form a very natural m 

Order, including a great nunib'r of plants vaiying ▼ 

to a coiidderable <*xtent tirnonL** tla*iu.H*l\e'. blit sri)a- ^ ,, , , 

rated by \ery distinct cliaracters Irom lljc rest ol ilii» K|n.lu oT AMirofurj^um 
Monocotyledons. They as a rule, assume an arbi>res- tuf^urr. 
eeiit eharacter, the st»'in being forim-d on the same fundninental plan ns 
those occasionally occurring in fit her ( >rders of MonocoUledons : the st<4*m 
of the t/alamoid Talms bears much resemblance to that of th»^ Jlamboo 
among the (»rass(*s; tla* fonris with scarcely de\elopi ci interiu>deq, marked 
i‘xternnlly hy tJa* scars of tin* fallen leaves, agree r'H.seiilially with tlioso of 
Yucca f Xunthorrhway &c., except that the tibrous coitieal region i" little de- 
\ eloped and does not exhibit grtiwth by sueees>ive layers as in those plants ; 
the JlyphccncA, which haAe a branched st4‘m, M‘em to ramify in tlur same 
way us the VcUoaice, by a bifurcation resultingfromthe occasional develop- 
m/nt of an axillary f>ud, whicli manifests a ])ower of growth equal, or 
nearly ho, to that of the tc^rininal bud. Tim ramification of tlie trunk.s 
aliove ground is a rare phenomenon; but it is \eiy common for mickorH to 
be sent out from the ijases of the stems Isdow the soil, imitating on a 
large scale the app^^a^a^ce of the young hiilhs around the ]ui.reiit in tin* 
lieimaccuuH Monocotyledons. Tlie pamiicliyinatous substance of the sb-rn, 
in which the fibrous structurtis are imbe dded, \aries much in consistei’ce : 
sometimes it becomes lignified, and gives a solid cliaracler to the trunk, 
lus in the Cocoa-nut Palm; soinc^times it is soft and sjiongy irib*niAlly, as 
in the Hago-palms, becoming tilled at certain seasons with starcll. Tin* 
apadiciform inflorescence, unfolding from within a large foliaceoiw spathe, 
connects the Palms with the Aracete, a rclationsiiip further indicated by 
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the low typti of striicturo of tho floral t*nvt*lo]H'8 ; but tliert^ is a goneral 
tt*nduncy"to union of tlu* 8ox«\s hon?, and a difforonce in the position of 


Fig. 470. Fig. 478. 



Fiij. 47i''. A Oiitr, with Imlf (hr |n riourp miiovrd (r) ti> hIhiu tar m'imI iind rnihryo (Jr) 
Fi^. 477. Srrtion of thr fruit of the Coi*oa-nut Palm: x, the 8hull of tho nut. « 

Fijj. 478. Tnink nnd foliHffr of a upreios ofj4rrrn. 

tlifi luubryo witliin tht> pprisporm ^not to dwrll upon the wide divorwty 
of gtmonil atnirluo* nnd Imbil. I'lio regular teriiniy arrangenient of the 
ilowevN, the 0 atanKMi.s, and the 3-earpellary superior ovary approximate 
this fjiinih to the ]jili;ir*ejv, in whieli, liow-ever, the habit dilfers in alpiost 
(‘Very resp’et, besides the great div«*rsity of tlH‘ fruits and seeds. The 
flonii formidaofap 'rfeel I’alni flower is thus tliat of a typical Monocotyle- 
don, hut variiitions oeeiir from su])pr(‘ssiou of parts nnd in accordanci* 
with the relative po.sition of I hi* l)ract(*Lde.'«, &e. The inflorescence of th(^ 
Palms is in some eases nxillaiy, allowing of indefinite growth of the 
trunk bv the termiiinl hud : in i)th(‘r ensi‘s it is terminal, nn(l the flowering 
of the plant then puts n peri'Kl to th(‘ hTuiof growth (sometimes as much 
a.s 20 years), the trunk dying after tlie rijiening of the fruit (lik(j the main 
stem of the A(/air)t but oeeusionally peri)etimting itself by subterranean 
axillary suckers. Sometimes the axillary inflorescence breaks out from 
above Ihe cicatrix of a long-fallen leaf, on thi‘- bare part of the stem. The 
floW('rs are generally very numerous ; it is said that the male infioroscenco of 
the Dah* may l)ear 12,(X)0 fh^wers. and that a bunch of .some of the South- 
American Palms will bear 3000 fruits. In Alfumia amytjdaUwk 207,000 
flowers have bv'eii computed on a single spadix, or 000^000 on one 
phint! Thon^ is very considerable appaivnt variety of form and structure 
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of the ripo fruit in this Ordor, easily rt*dueil)lo, however, to a single typ^. 
As a rule, thort* are 3 carpels, either distinct or uniU‘d inU) a 3-celied 
ovai-y, eacli carpel corumoiily pi-oducing 1 ovule ; in rVj<w, however, 2 
out of* the 3 Cells are rudimentary, and thus only one ovule is developed 
even at first; in Artra and others, 3 distinct cells and ovuh*s origiiuilly 
exist; in CVwiwicrm/w and the 3 carpels form st'paraU^ l-oviiled 

S istils; in a 3-colled, il-ovuled ovary exi‘*ts, and the sann^ in 

iOfloicea, III tin' course of the maturation of Ihe fruit, the pericarp be- 
eom» 8 variously de\elopi‘d, and mort> or loss of the ovules or ol theilisiinct 
simple ovavii's are aborh'd. In ^}cog the pn icarp is developed around the 
one p>rfect cell, exWrnally as fibroas husk, intiTuuUy ns the woody shell 
of the nut ; the fleshy part of the nut (hollow) constitutos the albumen 
of till* stM‘d surrounded hv a brown testa: and thi* embryo is lodged in a 
ca>ity in the substance of the ]a»risjH.‘rin, at one side, la^ar the haw* (fig. 
477). In Art'ra, 2 out of the »*{ c»*lls and ovules are aborti>e ; the p*ricarp 
ripens into a tibrons busk muiid a solid Kt<ed, chn‘Hy cninpos(‘d of horny 
ruminated peri.sperm (tlu‘ AmNi-mit). In ChamcerniMt and V/unii.v, 1 out 
of the 3 simple ovaries ripens into a bi'ri v; tlie pericarp, becoming 
the pulp (Date), contains a “stone” or st'ed, which is a solid mass of 
horiiv perisperm with the embryo iniltedded in a small cu\itv n little he- 
neiitfi the surface (fig. 47tl), its place D*ing indii'aled by a papilla on the 
surface.' In nil the ovules Is'come devidop-d, and form.*! fibrous 

** stones” iu the fruit. lu Lodoicea it often liaj))Nms that 2 or even 
ovules coales(?e during ripening, forming largi‘, nollow, double or triple 
nuts, of the same character as the (‘ocroa-nut, eiielos«'d m a large fibrous 
husk (theiwi are the “Double (bH?oa-nuts” of the Seyclii‘Ues J.dauds). 
In ISatfan and otluT genera tlie ovary is clotb(‘d with iinbiicati^d scab's 
pointing to the bas^', wiiicli ripen into woody structures, forming a peculiar 
hard-scaled covering to the fruit. I'liese scales, according to Spruce, are 
lu^liiiKUitary leaf-blades [scales!"] reflected. 

The subdivisions of the Order depend upon the habit, foliage, nature of 
the fruit, attach lueiit of the s«*ed, position of the embryo, ^c. 

Distribution. — A large Order, consisting of jibont a thousand species, 
chiefly tropical ; scarce «s regards species in Africa ; a few advancing 
into ti'mpernte latitudes in North AmcTica, Kurope and Asia, and \ew 
Zealand. Keinaiiis of Paliiis have been found in the Upper Cnstaceous 
and mort' recent rock.s. 

Qualities and Uses. — Having (apparently) no noxious projN'rties, the 
very varied products of this noble Order of plants render them of an 
imi)orlnnce to man b^'cniid, perhaps, only to that of th(i (k'n'al Orasses. 
Their juices and secretions luruish sugar, starch, oil, wax, and re-ins; fer- 
mentation of the juices of many produces spirituous liquids. Some have 
edible fruits of gnait impoitimcc ; the succulent buds of others are used 
as esculent vegetable's ; their leaves are applicable t<» countless us€»s, fivim 
thatching huts to plaiting mats and hats ; the fibrous substance of the 
sheathing petioles furnishes materials for cordage, or, when morfj solid, 
supplies a valuable substitute for bristles and whalebone ; the fibrous husks 
of the fruits afford textile materials ; the trunks of some kinds btfcoine 
valuable timber; and the hard perisperm of the seeds of s(;veral kinds is 
very largely ust'd for turners* work connectfMl with cabinet-making &c. 
Saccharine juice, furnishing sugar or fermented li|uid, according to the 
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iiBo, nmdo of it, in obtained abundantly by nittijip the unopened spathes 
of (Uiryofn umiA^ (Jocus mivifvra^ JionmvJi Jiabdliformi$f idtapis vinifera^ 
/Saf/fteniN {Arf'/if/a) mvcharipTy J^ha-nu' ayhoaf A fi, Alauntia mnifera, lilaift 
t/niTifnifniif and otliers; Hturch is obtained abinidtuitly from the central 
pari^iichyma of the trunk of liumphiij Mvtro.xyhm luvpf Saynervs 

sacchttnfW^ Phwm.v fatnnifpray &c. Oil is obttuned especially from the 
African Oil-Valms (pJ/ais f/fiinrpmia and £. ?tielanocorra)f\]n* fruits being 
eriiwhed and the oil extracted from the jv*ris|M*nii by boiling in water ; 
( k)coa-nut oil is obtained from tin* p(*risjM‘rm or tin* se<'d ; wax i.sexcret(‘d 
oil the lower .surface of tht3 leaves of Co/tprnicia cpnfera^ on the trunk and 
betwi'i'U tlie leaves of (Wiu tfton ftmiic*da. i 'ahtnnis Ih'aco^ ITyplttenp.^ and 
other's ha v(‘ a re.siuoiis niatler in their jiiice.s. 'file most important fruits 
arc' those of the Date {Vhmiic davtijlifWa) and tin* (kx’oa-nut {Pucoh 
iumfera)\ the fruit of 7////i/irc?ic ihebaiva^ the J«igyptian Doum-palm, is 
also eaten ; and llu* .simxIs of .tm7o/ (Uttwha (J{<‘tol-nutN) are vcu'y largely 
ii^ed,in the hatst Indies, for chewing with llie leaves of the lletel lVpp«'r, 
'rile fniit.s of .some of the Dalms art‘ acrid {(Wynta^ Suyvpnm ) ; tin* 
acridity, hnwe\er, is removed by soaking in liine-wah‘r, and they are 
eaten pre.served witli sugar. 'I'he Indian Cabhage-palm, of whicli the 
buds are eaten boiled liKt‘ cabbages, isy/cm/ KHtcipp immiinia i.s 
used in the same way. i'’ihrous suhstauce is deiivi d from the hu^k of 
the fruit of the (kicoa-nut ((’oir), As/roraryinn ndym't-f Atfafpa funtfera, 
and otlims ; the bristle-liki* l*ias.Maba libres, ii.stxl for brooms, an* from 
Lntpttldinu Piassaba. 'I’he wood of the Cocoa-nut Calms is hard, durable, 
and haiidsoim* ( Corcupiiie-wood) ; Poiuismui Jiuhdliftn'xniH yields what is 
ciilk‘d l*aImyra-wo»)d. Nuts suitable for turning are afforded by thi3 
.seeds of Aitidva f uni f era (Coquilla nuts) aiuf Phytvlepha» ftHunicarpa 
( Vegetable In ory). 'I’ho I'esiii known as Dragon’s blood is yielded by 
daUvnwH Draco. 

( ’omuioii canes are the stmns of (^alaums Sciphunnny Zalarca ruden- 
fuuty SlV. Cartridge canes, used for wnlking-slieks, iVic., are stems of an 
nulviKiNVii Calm, 'fhe ]ietioleH of Phameerttps hnunlifx are used for walk- 
iug-c.iiie.s ill Italy ; ami the libre of the leaves of this plant is now coming 
extonsivi'ly iuto use as a substitute for horse-hair. 'I’he foregoing is only 
a brief summary of some of the best-known uses of these plants; similar 
products and apjilicaiions are connected with a great number of other 
species be.sides those here mentioned. Sev(»rid species are cultivated, for 
the gr.iiuleiir of their foliage, in our atoNes; and some, such as 
tipectabdis and Cbauteeropft e.rcebta, arc sulliciently hardy to bo grown out 
of doors ill the south of J'mgland. 


PANDANACK.K (ScuKW-I^NKsbire treesor shrubs of l*alm-like habit, 
but often dichotonumsly branched, with the leaves sheathing at the base, 
imbricated in 3 spiral ranks ; flowers numerous, naked or scalv, male and 
female or polygamous, arranged densely on a simple or generally branched 
spadix furnished with mimerous spathnceous bracts ; anthers stalked, 
l?-4-celled ; ovaries mo.stly grouped, 1 -celled, with solitary or numerous 
ovules on parietal placentas ; fruits with atibrous busk, 1 -seeded, arranged 
in groups, or many-celled berries with inany-sceded cells ; embryo minute, 
imbedded at the side near the base of the fleshy nerispemi. — Illustrative 
Genera: Suborder 1. I’andaneje. Flowers nc^ea ; leaves simple. Pan^ 
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L. ill. ; Gaud. — Suboi*der 2. CYrL\NinKA. IIonm'Vs 

in()8tly with a por&anth ; leaves fan-shaped or pinnate. Carliidonvrti U. 
iV. 1*. ; XtpUf Ituuaph. ; Cydanihm, 

Affinities, AOi— ''PhiH Older in related on the one hand to the Tvphuoeie 
by the in(lore»*eentee, which rcHeinhlc'H that of Sparpaunnn : on tin* olln r 
+o the J*almacefej which the VpfUtn^httt nppioiK'li in liiihit and foliaije. 
The branching Hto|gLiind the larjfe aerial roots of l\tmhtuu'< (tijr. Kh p. 

Hie i*He#»e#tiuijf|jja*Annns. 

t^ I\nuhim<t* chieflv in the ]<]{iNt- Indian 
Idaiid^, MniiritiiiSy \c. ; tlie CtfHanthit4 \nieric.ui. Fos^iil Ihmdanuds 
hji\e been ohser\edin llie I ppei Ghalk. Sipa is common in the Koceiie 
deposits of the mouth ot the Thame». 

Qualities and Uaes.- 'Pin* ‘•ei <ls an' i‘dih1e, sncc'harine ferment ihle jiiiee 
flows fiom the cut spadices of iV/;w and <itjier ‘‘Jiecies ; tlie leaves and 
cor(Jtii;;g«jdaitin^hat'^, &,c. 




ar* imirsH-berTjs, with nerved and linear si^s^ih* loaves and 
moncccious flowfTs, ni\ a spndix oi in hi ads. d« stitule of a jiiopei jaiiwiith, 
whii h is ryplnted h^ .‘t or inoie scab s or a tuft of haiis ; 

Maiiiens 1 (», distinct oi monadelphoiis; unlhi*r8 innate; 
ovnrv solitarv, 1-celhd, ovule solit«uv, pendulous; nn- 
1)1 VO in the axis of mealy pi lispeini (lip 1711), radii le next 
the iiiluiii. — 'the habit niui pi iieial iippeannin* ol tln'^e 
plants resemble those of (\vpciacca‘, and the hairs ot the 
flowers of Typha are annloptms to those of Jinophnrum ; 
but they beloiip to the Aiaceoiis tvpe, and the stiuctuie 
of their inflorescence appinaches dosih, m Spanpumnn 
♦ specially, to that of IVinilanaciM*, xvhich, hoWH*vei, have 
the ripe fruits more oi less hleinbd into a mass "Pliere 
is also some re-einhlaiice m the intloiescence and in the 
flowers to PlataiiaciM*. - 'Phe plants piow in ditches and inarslirs m most 
paita of the w'orld.- 1’he rhi/oiiies ot Ttipha v^mU\m accHtain amount of 
starch, and the viiiinp ehoots nf Jhilru^hes {T. UihfoUa and T. anf/iidi- 
/o/m) are sometimes used us esculent \epetables, like those of Xspirap'-iH. 
The abundant pollen is also nutritious, and is made into a kind of hiodti 
ill Sciiido, in Xo'"' yo.lo».^yyu| i-Wfiffn, 


Si 1 1 lun of H< ( d 
of /'t/fihit 


luyajL^^uLidagwl^^ 

j i. r . p MM , ■ ■ ■ - — 


aroIdacke. 


J 


(*ofi. Ande**, Ilmih. et Huok. 

Dmfpwsis . — Plants vith acrid or pungent juicc», simple* or com- 
pound, often prriniincntl^-\cin<*d leaves, and moncrcioiih or perfect 
flowers crowded on a spadix, which is uaually surnninded by a 
large bract or spatbe (fig. 480); perianth wanting, or of 4 0 
scales ; fruit usually a beny ; seed with the embrvo in the axis of 
mealy or fleshy perisperm, or occasionally ajicrisperinic. 
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Fi’ff. JH). Otlltt: 8i>allir iinrl njrtitHi, 

Fig. 481. AmorphophnJiwi: ciirm, siifttrie. Andsoadix. 


Ilm'htjcatt\ 


Snlionl, 1. Ahack.t-:. F/ourm 
imprrfi vt : apadi.v mirrtumilvd by a 
K/Ht/hc. 

Arum, L. 

(NilnrilNiH, 7tV/?/. 

(’nlinliiim, 

l)ifJT*.*nb:irliia, Schott. ; * 
llii’littrilia, Kunth. 



SuborB . i" Oiiox ri.vi • f.i:. Flotccrn 
perfect, inoHthf mth a perianth ; »pa^ 
(ii'.r .swTonnded by a upafhn or naked, 
Trilx^ l. ff^ith a upathc. 

(billn, fj. 

J’olhos, //. 

1 Vibi* 2. intho^t a spathc. 
litium, L. 
ii^ L. 

y subdivided into ten suli- 
ibes. Tlie suborders are 
idere, Ap:laoiiemoideie, 
oidoffi, andfLemnoideHi. 


l\v bbijiler this large group has * _ 
orders and iiuiiierous subsidiary tribes,jiiii 
rotlioide.v, Moiisteroidea^, lirt.sioideiC, Pliil 
(\)loca.sioidea», Staiirostigiuoideiu, Aroidetp, 

Tlie principal elinracters ridied on to ilistingiiisb these groups are the 
pi-esenco or absence ol’ laticiferous ve.ssc*ls, the presence or nbstmee of H or 
H shaped iuU.*rce11ular hairs, the anwigenient of tlie leaves and shoots, 
the venation of the leaves, the hi- or unisexual flowers, the presence or 
abaouce of a perianth, the direction of the pviilea, &c. &c. 

Tiio floral formula for i.s Pv-f.-. A (fv, the ordinary 

Monocotyledonoua fnmi . Tuxithar irmifira grPiOt nuiditicationa^ arisw froiiii 
suppression of parts, &C v 
AfflnlUes, Ac.— The mftftfijim densely 

covered with flowers of rudimentary structure, forming the gfiJmx of this 




spadiciflorJ! 


3J)7 

Order, topdhef with the spathe met with in most cases, pi\o the pronp a 
eharacter of habit which is jrenerally very distinct; sorne^a^iiera, however, 
such as depart from thi« form, and approach I he T vpluicem or 

(\peraceie in aspect, with which the spadicilloroiis atriictui’e at llie same 
time unites them ; tliey have further relations with the i*andaimceie, and 
also with the 1’almaci‘ie, in which the inllorescence shares thti spudici- 
Horous characters: and although the perianth is much niort* detinite and 
liijrhly developed there, its pri'senco in Avunts and Orontium of tiiis 
t h-der forms a coTinectinjr link. Leiiiiiacea; are closely related here, and 
perhaps should be re;^arded as the simplest form of Aroids; hut tlie 
conditions are so simple there (hat it is more convenient tose])arate them. 
hVoiu Nuiaduce.'e, in which the iiitlon s.*ence is moreover hardly spadi- 
eillorous, the Aroids are easily disiinjfuished by the clniraeter of their 
seeds. The Aracea? are either lierhs, sometimes with very Jarj^e lea\es 
and spathea, or tlndr stem becomes more «ir less di*veloped and branched, 
so as t«) ^ive them a slirnbln character; wliih* <»thi'i‘s are epiphytic and 
eliriibiu^ plants, prodncin^^ aerial n»ots liKe tin* t.hvhids. The leaves are 
of the juost varied eliaracler in this Order. 

Distribution. — A larj^e (Jrder, not iiiiinerons in ti^mperale climates, but 
reprt'seiited there hy Arum, Calla^ and Acurm. Most abundant iu tlnj 
tropics, especially in forests and ilie lower rejrions of mountains. 

Qualities and Uses. The juices t»f the Aroids niv ^^enemlly acrid ami 
dangerous, some verv poisonous; but beat seems to dif.sipute tb«< no.xioiis 
principles. 'I'lio aendilv is ve]»laced by n^xreeable nroimitie ])un;i(ency in 
AcoruH Valnmus. Tiie conns and rbixomes often contain mucii starch, 
whi<di is extracted, and puritied by washiiijf, from .intm macutuium 
(Portland Arrowroot); wliile llio eorms of Arum imilfum^ Amorf^/ut-^ 
phuUuH cawpunulu/us, (\dadium hicoior, CofocaKiu c^rv/Zca/r/ { ‘‘ ( 'neoes’’ ajid 
•‘Kdiloes,” West Indies), ( \ macrorluza (**Taru,” Sonlh-Sea I.^bimls), ami 
V. him<dupr7Mi» are eaten, rutisted or boiled. Tie* rhi/oiiies of f V/ZZa palun- 
tris are jilso eaten nft(*r tlionmjfb wasliiiiff. I drfft uhurhiu nrf/aina, I In* 
‘‘ l)uinl)-cane ” of tlie West Indies, is so called IVom the iiitlaniimition of 
the tonj^uo and fauces prodma'd by cliewinj^ it; prrlumim 

(remarkable for its perforated leaves) has bliNteriuj^r prijperties. i^pmplo- 
carpus fivfidMj the “ Skunk-(iabba«re of North .\merica, is very fc»aid, as 
is also the newly ojiened iiiHoretconce of Anna Dravinuudm, A. italicum, 
and others, whi<di ]»r()duc(‘ sickness and serious indisposition in stums 
constitutions, liichurdia africami is the white Hnathed Tnnnpet-Idly 
of our conservatories. I'lie species of Philodrimruu are viiry handsoine 
stove-plants, ^inthurium Scherzerianum is particularly noticeable for its 
brilliant scarlet spathes and its twisted spadix, 

LEAINAC’l^JyM are niirmte sUuuleBs plants, doatiriiy free on the water, 
either destitute of distinct stem and foliage, lus in J^muu, or consisting 
of tufts of leaves connecUid by /ilifurm runners (/*w/Z«); producing few 
monoecious flowei-s, .surrounded by a spathe, fr(>m a chink at the edge or 
upper surface of the frond, or in the axils of the leaves: stamens detinite, 
sometimes moiiadelphous : ovary 1-celled, wiUi 1 or more erect ovules, 
from tlie base of the cell; fruit a or more-nioeded utricle; embryo 
straight, in the Axis of fleshy pt>risperm. — Lrmna^ the genus to which the 
common Duckweeds belong, is one of the simplest I'cpresentatives of the 
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Plianoroprams, composed of a stom consisting of 2 or 3 small leaf-lik« 
lol)«8 ]3roduciiijy little filiform roots below, and ultimately displayinp^ a 
Bcale-liko apathe at tlie raar^u, enclosing the infloreaceiice, reduced to 
two naked and unisexual fl()W«;rs ; the male flower consisting of one or 
two atamoiis, the ftunale of a simple pistil. Wolffia is still more simnle, 
iniismuch as it ronsisls of a Hat gretm plate lu)mologoufl with the thalluvs 
of (Cryptogams, on which is ])laced one male flower consisting of a single 
stamen and one feniMle flower consisting of a single carpel. Prom the 
under surface near the edge protrudes a small hud, by which the plant is 
reproduced vegetatively. It may be thus represented AJ G 1, the = in- 
dicating the thalloid sltmi. Via^ia, also represented by little floiiting water- 
plants, has distinct tufted leaves, and the tufts are connected by Hagellifonu 
branches lilce the riiimers of a Strawberry. The spathes are liere axillary, 
and they tuiclosc sc'parate male and huiiale flowers seated on distinct 
parts of tlu' central line of th(^ spatlui, wiiich would appear tliereforo to 
130 a branch, like the leaty peduncle of or els(! it has the spadix 

or peduncle, adherent to its inner fneu;. Bv some these genei*a, with Am- 
hramiiuj is included under Iriiti Amds. Tlio J^emnaccfo are the lowest 
forms of the Aroid typo of Monocotyledons, and are related by habit to 
the Naiadace/o. — The Lommo occur chiefly in cool climates; princi- 
pally in the tropics. P/V/rt appears to pcissess acrid properties; but the 
jiUinls iu*e of little importance, except, perhaps, as lending to purify the 
stagnant pools and ditches in which they abound. — Genera : Lemnaj Ij. ; 

L. ; AmbromnUf li. 


llivisioti lll. Glumifiorse. 

]\l()ii()Ci)tvk*(loTi8 with tlie flowers colloctcfl into close spikelets 
or heads or in loose eyiiu's ; perianth gluimiceous, biseriate, or none. 
Leaves sheathing. Weed perisiieriiiic. 

Exceptions, &c. — '^Plic perianth in this group wlion ]3resent is either dry 
aud scaly or bristly— not llcj-hy or herhoi eous. In J um'acem, &c., it is quite 
regular and eiicycdic ; in Sedges it is often wanting ; in Grasses it is scaly 
and surrt)Uiided by glumes. The term “glume ’’ is often used vaguely to 
signify eitlier a bract or a poriauth-segment. It is thendoi’e preferable U» 
iiso the adjtjctive term gluiuaceous. The habit is often characteristic; 
thus wo H])eak of a sedge-like or rush-like habit, implying a rhizome 
with erect generally uiibi-anclied stems, clothed at the base with scaly 
leaves. Grasses vary much in habit, as described under that Order. Naiami 
have a gluinnceous perianth, but differ in most other particulars from the 
Orders h(U‘e associated. Xyrids differ technically in the possession of a 
true corolla. 


JUNCAGEiE. Rushes. 

Cuh, Liliales, JBenth, et Hook, 

Diagnosis, — Orass-like or sodgy herbs, with fibrous roots, or a 
subterraneous rhizome, with jointed stems, often capitate inflores- 
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cence, and a regular persistent perianth ot‘ (i similar 
stamens G, or rarely 3, with in trorso anthers ; 
ovary 1 -3-celled, producing a 3-valvcd, 3- or 
many-soeded, or sometimes a 1-ceIlod and, 
by suppression, ] -seeded capsule; embryo 
minul(3, in fleshy horny porisperm ; radicle 
inferior. — Illustrative (xenera : Lazula, DC. ; 

Janeus^ DC. ; Nartheciiim^ Madir. 

Afflnitloa, &e. — With Jinicac(‘ji3 are included by 
Jjindley a mnriber of g<'n<*fa which are reofarded 
as doubtful, or estahlislicd as neparate Ordei's by 
some writi'i’s, niich as Asteliea^, a;;roup of woolly- 
leaved epiphytic plants of the southern hiuni- 
spbere, and Kingiejo, plants with a stem like 
X(inthnrrh(ra and a l-seedtsl fruit, and some 
(itliors. The genua Juncm (lluali) connects the 
Order to Lilia'-eie, from which the cliief dillcrence lies in the habit, the 
small embryo, aud the glumaceoiis character of the segnumts of both 
circles of tlic perianth; Nurfherium connects tlieiu; from Xyridnccje 
tlm latter ebaraettn* dividi's them. Xerotes appro.iclies the Ihilnis in the 
character of the dowers ; and this is associated witli Kim/ifif which has 
an arborescent habit. The scaly perianth connects tlnuu with r-yporacea^, 
Uestiaceno staiiditig bolw(;en and differing from Juucacou) in trilling 
points, which will bii noted under tliat Order. 

Distribution. — A considerable group, the mernb(Ts of which are native's 
chiefly of cold or temperate regions; some occur in tropical Australia. 

Qualitios and Uses. — Without important properties in most cases. 
The leaves of Rushes (species. of Jtinrm) are largely used for lunking 
mats, chair-bottoms, i^c. ; and the parenchyma or “ pith ” of the cylin- 
drical leaves and stems was much used until recerjtly for making the 
wicks of rushlights; this substance lias a beautiful mieroscopic structure, 
being formed uf regular stelliform cells. 

Desvauxtack-i*; are little sedge-like herbs, with glumaceous flowers 
in a terminal spatlie ; glume.s 1 or 2 ; palem 0, or l epresented by scales 

S arallel with the glumes; ovaries usually several, sometimes coiisuli- 
ated, each with a pendulous ovule; stamens 1, or rarely 2; anthers 
] -celled; seeds perispermic ; embryo terminal. — Th^^se little plants, chiefly 
natives of Australia, ore of small importanctj, except as representing one 
of the types of the Glumacoous condition of Monocotyledons. They difler 
from CyperocesB in having several 1-celled ovaries inoi-e or loss coherent, 
or, if a solitary ovary, it is 1-carpellary ; the anther.s also are 1-celled, and 
the embryo terminal, os in Restiacere ; hut they have only one stamen, a 
1-colled ovary, and a utricular fruit bursting longitudinally. — Genera; 
Centrolepisj tabill. ; Gaiman'dia^ Gaudich. 

ERIOOAULACKiE are aquatic or marsh-herbs, stoinless or short- 
stemmed, with a tuft of fibrous roots, and a cluster of linear, often loosely 
cellule, grass-like leaves, and naked scapes- sheathed at the base, bearing 



Ternary flower of 
Luzula. 
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deiiHo lieads of moncccious or rarely dioecious, small, 2-3-merou8 flowers, 
each in tlio axil of a scaiious bract ; the perianth double or rarely simple, 
scarious ; tho anthers 2-celled, iiitrorse; the fruit a 2-3-f;elled, 2~3-8eeded 
capsule ; seeds pendulous, wiiififed or hairv, with a leuticular embryo at 
the end of the porispc*rm remote from the hilum. I’he nii*mbranou8 tube 
surround inp- the ovary represents the corolla, and thus places this Order 
intermediate betwecMi tin* Glumac<‘ona Orders and the \yrid 0 cen 0 , which 
lead on throiifrh Cominelynaceje to the Ijiliacejn and their allies. — The 
plants are mostly natives of America and Austnilia. EnocmUon tseptam/ti- 
hire occurs in the Western Islands of Sc^otlaiid (Skye). 

UhiSTIACE/E are lierhs nr under-shrubs, ffenerally without perfect 
leaves; stems usually with slit-coiivolule l(‘al-.slieaiha; with spiked or ag- 
gregated gluinac(ious, mostly unisexual Howors; perianth-segmeuta gluma- 
ceoiis, 2-r», or .seldom 0; stamens 2-3, adherent to the inner p(‘rianth-scg- 
inents ; antli(*rs usually 1 -celled, rarely 2-c*eUed ; ovary superior, 1-3-colled, 
odd cell anteiior, •••; ovule solitary in eacli cell, pend 11 Ions ; seeds peri- 
.spiu-mie, embryo terminal. — Piiiicipallv distinguished from Cyneraccjae by 
tli(‘ pendulous seed and torminallenticnlar embryo, further also ny theleaf- 
shenths being slit; from the Juncacetc by th(‘ same characters, by the 
stamens, when 3, bL‘ing opposite tho inner glnnios, and by the usually 
1-celh'd anthers, 'fhey are without tho membranous perianth between the 
glumes and the ovary whicli occurs in Erioeauhieea' : wliilo Xyndacojc, 
among the Petaloid<*nfi, have tlio floral envelopes in 2 (;ir<‘les, of whicli the 
inner is polaloid. Eroin Desvauxiacem tliey difftu’ in having 2 01*3 sta- 
imuis, and if with a J -celled ovar^' usually 2 styh's, and the distinct 
perianth. In Lrpi/rorh'a hermaphrodita the ilower has six stamens, and 
tho ariangt^mont is typically Monocolyledonous, the odd cell of the ovary 
anterior. — The species occur chiefiy in Australia and South Africa; one 
occurs in (yhili. The tough wiry .stiuna hav(‘ economic use's, for basket- 
making, thatching, &c. Genera: L.; 7Vm/nnoc/e>/*/?w, Berg.; Lam- 

priH'anloSj Alast. ; WiUdennvia, L. 

CYPETi A C’F-E. Seiujes. 

Coh, Glurnales, JUenth, vt Hook, 

Duiffnosis. — Grass-like or rush-like herbs, with iibrous roots and 
solid st-eins, closed tubular leaf-sbeaths, without ligules, and s])iked 
perfect or unisexual flowers, one in the axil of each of the gluina- 
(jeous imbricated bracts, destitute of any envelopes or with a 
tubular bract (figs. 484 & 485), or with hypogynoiis bristles or 
scales in its place (fig. 483) ; stainens definite, hypogynous, 1-7 or 
10 OP 12; anthers 2-ceIled ; the 1 -celled ovary with a single erect 
anatropous ovule forming in fruit a utriculus containing a seed 
witlj^a lenticular embryo enclosed in the base of perisperm. 

iLLirSTJt ATI V F Gk N£ lt a. 

('artix, Mich. Isolepis, Jt. Br. Eriophorum, i. 

Kobresia, WiUd. Scirpiis, X. Cyperus, X. 

Schcenus, X. Eloocharis, R. Br Papyrus, WxUd. 

Cladium, R, Rr, 
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Fijr. 483. 



Fig. 483. Flowi*r of P'l'iophomm. Fig. 484. Pemnle flower of Carax. 

Fig. 4Ho. Section of the same. Mhowing the ovary. 

Affinities, Ac.— Tliia Order of Gliiinncoouti pliints resembles in many 

respects the (Jra'^se.s, but lias «t‘vernl marked distinctive characti^rs, viz. 
the tubular leHf-.sbeatliH, the iiKiially angular nud solid strains, the j^eniTtil 
reduction of the Uornl envtdopes to a single bract or glume (2 additional 
glumes oxLst in Cuir.c and some other genera, and liypogynoua bristles or 
setai in Scirpua^ EriophonuHf SiC.), and the fact of the embryo btiiug 
enclosed centrally in the base of the perisperiu of the seed. J^m Kosti- 
acejc, some of which rescmible Sedges in habit, they are distinguished by 
th(i erect seeds, by the l-eelled ovary being formed of 2 or 3 carpels, ani 
by the leaf-sheaths not being slit. The lio}*al formula for the male llower 

of Carej: is A*.’, for the ftnnale ilower G the brackets indicating the bracts. 

Chulivm has a succulent fruit. The subdivisions of the Order depend on 
the distichous or imbricated bracts (glumes), general or partial lertility, 
open or closed utricle, degree of development of pei iniith after flowering, 
presence or absence of starni nodes, fonii of base of style, mitui*e of fruit, &c. 
'Die tubular bra(!t of Carf'.r, soiiietiiues called the utriede ” (an objectionable 
term as it may be confnsui with the form of fruit so named), is, according 
to ISIcNab and Dyer, a foliar organ, single, »)r perhaps of two C(»ngonitiilly 
united, in whose axil tlie flower is produced. 

Distribution. — irniversally diffused, especially in marshes and about 
running streams. Carej’ and Sdrpm belong chiefly to cool (‘liiuatc!.M, 
Cypermy MariseiM, and others to warmer, while some appear ubiquitous. 
Svirjfnis triqmter is found in Euroja*, South America, and .tVustralia. In a 
fossil state they are flrst recognized in the Lower Miocene. 

Qualities and Uses. — The plant,8 of this Order are generally de^•oid of 
active properties, and arc less nutritious than the Grasses ; but some have 
bitter and astringent properties, while others are regarded as diaijhorcti(u«. 
Several of them have some economic value. The rhizomes oi Cyperm 
lonym are astringent, those of C. roiumlus contain an aromatic oil ; the 
erti^ping stems of Carex hirta^ arerMna, and other species have been used 
ns .substitutes for Sarsaparilla. The rhizomes of Cypt^rm earulrntusj C\ 
bitlboaua, and some other plants of this Order, being tubi^rous and devoid 
of noxious properties, arc U8t‘d locally as articles of food. Papytiia anti- 
qmrumf a tall Sedge, with a spongy pith, is celebrated as having furnished 
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tho ancionts with a kind ot* papov, made by cutting the pith into lamina;, 
which wore laid one upon another and pre*»sed, thereby becoming glued 
together by tJioir own ^ap. ItM stem was, and is still, used for basket- 
luakirig, mats, &c., like various !!kirfn &c. 'J'he sjwicies of Eriophoruni, 
tho 0otton-pa8si;s ot* our moorlands, products n flock of cottony hairs 
around the fruit, sonielinies used ft»r stulliiig cushions, &c. Cared' ari^mtria 
(flg. 26, p. .‘U) and (K inenrva, growing on sandv st'a-sliorcs, are virv efli- 
cient in binding the shifting sand. 


(4UAMLiNA(^E.K. (Iuasses. 

Coh. Glumales, Beuth, et Ilooh. 

JJi(tf/nosis . — Monocotyledons (most ly lu'rbaeeoiis, rarely woody 
and arborescent), usually with hollow stejiis, with solid joints at 
the nodes ; leaves alternate, distichous, with tubular sheaths slit 
down on the side opposite the bhuhs and a ligide (p. 52, figs. 511, 
fiO) at the base of the blade ; the fruil groov(‘d r)n one side, embryo 
outside the pen’ispenn. 

Fig. 4h7. 


Fij?. 48(5. Fin.. 488. 



Fig. 486. Bpik**lot of ; a,<i, ghiTnrH: ft.A.floHt ring glumes or outer paloic of florets. 

Fig. 497. Compound spike, with spilfeletN. of Lolium. 

,^Fig. 488. Floret of ylcsmt : A, flowering glume ; 6*. awn; AMialoa. 

Character, 

Inflorescence spicute, the flowers arranged in spikelets or locusUe, 
which are again aggregated in spikes, racemes, or panicles ; per- 
fect, or sometimes inoncecious or })olygainou8. SpUcelets mostly 
with two alternate and unequal dry scal.y bracts, called glumes^ 
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forming a common involucre enclosing the lloretvS (Hg. 480) 
the outer glume sometitiies absent. ' Flowers 2 or many, or rarely 
solitary with abortive rudiments of others, alLernate on the 
rachis within the glumes, more or less overlapping from below, 
and each enclosed within the axil of a flowering gliinn^ (or outer 
palea, tig. 480, 6), which is a bract often provided with an awn, 
and the palea (inner palea, fig. 488, h') which is two-nerved ; 
thi} perianth is represented by 2 or 3 hypogyiious scales 
fig. 480, A?, a?) sometimes wanting ; if 2 in number, collateral, if 


Fig. 489. Fig. 490. Fig. 401. Fig. 402. 



i'l;;. 'JSi). Florrl of Avena with floweriug t;hinu< rcmovt^il ; b, palcu ; lodiculr. 

'iUO. Section of carjro]i8iii of Tyttteum : a, (mdonporm . 6, eiiihryo. 

Fi^;. 4U1. PisHl of a GrnHH, with fonthery 

Fi^. 492. Sfutiuu of tiUibryu of Ac«nu, tho undosponn removed: a, radiolc; 6, cotyluJou; 
c, plumule. 

3, the odd one posterior, distinct or united. Stamens bypogy- 
nous, 1-4, or 6 or more (usually 3, the odd one anterior), 1 oppo- 
site the flowering glume (alternate with the 2 scales) ; filaments 
capillary; anthers versatile. y superior, 1 -celled, with one 

aseeiuUng ovule ; styles 2 or 3, rarely confluent ; sliyriias feathery 
or hairy (fig. 491). Fruit a caryo])8is, with an inseparable peri- 
carp ; embryo lying on one side, at the base of farinaceous 
pensperin (tigs. 499, 492). 

IlLIISTK ATIVK G KNKUA. 

Tribe 1. Fa .VICE.®, Sjiikektsar- Tribe S. I^iialaridk-®. Sjrike.^ 
ticidated closely below the lowest lets articulated^ sotnetimes as in Fa- 
yhime, 2-, reiy rarely '^flowered; iiiceie, and sometimes at the base of 
upper yUimc always containiny the the fu'dicels near the main axis, 3- or 
mast perfect and only fertile fiuwer ; apparently \-f!owercd ; outer empty 
axis of 'spikelet never produced be~ ylames laterally compressed^ often 
yoiul the Jiimenny glume ; Iodides united at the base, longer than the 
never more than 2 , rest ; floweriny glunw terminal^ 

Fiinicuin, L. hairy, with 2 rudimentary glumes 

Setaria, L. below it ; otherivise as in Fiiniceio. 

►Sorgluim, Pcr«. Phalaris, i. 

Andropogon, L. 

Coi.x, L. 


2i> 2 
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Tribe Poaceas. S/nkflets 

vmalhf articulated above the lowed 
ijlumcy 1- or many-Jtowered ; lowest 
Jlower mvally perf tenmnat fii>wei' 
venf rarely r//o?v perfect than those 
below if ; of the spiketet almost 
inoariably terminated by an impt*^'- 
feet fflume^ which is frequently r(h- 
duced to a small point or bristle; 
Iodides generally 2, sometimes «3,* 
stamens rarely 0 ; fr%tit al- 


ways shorter than the Jlowet'ing 
glume, 

A^ostin, Z. 

Stipa, L. 

Oryza, Z. 

Avena, Z. 

Featuca, Z. 

Jlronius, Z. 

PainbusH; Z. 

Ilordeunl, Z. 

Triticuiu, Z. 


AlAnltlefl, fto. — The tribes abovtj mentioned are those adopted bv General 
Monro, the leading authority on tliia immense and difficult family. Tlie 
description of the Oraas-inflornscenco ah(3Vo jrivcn is in accordance with 
the most modern views of botanists. According? to this interpretation, 
the outer and inner glumes are involuernl bracts (‘ummon to all the flowers 
f)f the apilielet, the outer palen or flowering glume is a bract in the axil ()f 
which the short axis beaniig the flower springs. This shoi*t axis bears the 
inner palea or “ Vorblatf,’’ consisting perliaj)s of two bractooles united 
logether. The perianth consists of two lialicles plac(‘d collaterally, . . ; 
the androeciurn is made tip of 3 stamens, the odd uni^ anti^rior, ; tin? 
gyutecium of two carjiels. llie entire flower, omit ting the bracts and 
bracteoles, may tlierofore lie thus ropre.senttid, P . . A*.* Ci • •. To harmonize 
this arrangement with that typical of Monocotyledons, viz. P'.'-f.*. A*.’+ 
(t\’, it must bo assumed tiiat thive outer parts of the perianth, one 
(posterior) part of the inner periaiithinl ro\v, ihrof; stamens of the inner 
vow, and oiui (anterior) carpel are suppressed. Now in Slreptoclueta spi- 
v(Ua, according to Doll, tlie ordinarily missing parts are present, imd the 
Monocotyledonoiis symmetry is restored, its floral formula being identical 
with that just given. In Damboo.s and in Stipa the third Iodide (pos- 
terior) is present. In diandrous Grasses {Anthoxanthuni) the outer stamen 
is wanting; in most Grasses the inner petal {lodictdd) is absent. The 
inner (double) pale is alwent in Alopecnms^ Panicumf &c. ; in Lolivm and 
Leptw'us the outer glume is absent ; in addition to which the few-flowered 
spiivdets of very many genera contain abortive, unisexual, or neutral 
florets, consisting of rudimentary pales. The comparison of the typical 
floral structure of Monocotyledons, P 3-|-3 A 3-|-3 G 3 , with that of 
Grasses in general may be indicated by placing the numbers referring to the 

suppressed organs in italics, thus: — P-|-g By Robert 

Brown and many others, the flowering glume and the inner palea were 
looked on os constituting three sepals of a calyx ; but the outer palea or 
flowering glume belongs to a different axis, is inserted lower down, and 
encircles the floral axis at the base, and the inner palea is a bracteule. 

V Link looked upon the lodieula os analogous to tne scales in the throat 
of NareissuSf therefore apparently as representing the lifpdes of metamor- 

S hosed Grass-leaves. Tne remarkable awn which is produced on the 
owering glume of many Grasses, more or less free from its lamina, is 
regarded by some authors as a barren development of the axis of the 
spikelet, which would make the inner pale the subtending bract of the 
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flower. And it has been considered that the occasional appearance of a 
dower on the upper part of tho outer pale of monstrous flowers of the 
Nepal Barley {ilordeum cvdeste) also indicates this {^lume to bo a bract 
with an abortive floral axis adherent to it. The outer pule of viviparous 
Grasses (i, e. plants with the spikelets developing: tufts of leaves) often 
appears us a rudimentary leaf with lijrular processes at tho junction of the 
vaginal and laminar regions, and thus os a simple leaf. 

The ligule has been considered an adnate stipule or pair of connate 
stipules; it seems more simple to regard it as an excresconce from the 
uj)p(u* part of tho sheathing petiole. I'he cotyledon of Grasses is usually 
rather thick and applied to the perispi'rm. Many other explanations have 
been given, but tins is the simplest and most in accordance with striic- 
turo and analogy. In Coix and some other Grasses, some portions of the 
spiJadet or of the flower assume a bony character; at other times, as iti 
some of the Bamboos, the parts of the flowers become succulent and 
ht^rry-like. In Streptuchaia spicata and in Anomochloa mwatUoidea the 
flower is solitary and Un'minal. In Anomochloa the Iodides are replactal 
by a row of fibrillfie (I)dll). 

The stems of Banihma have tho habit even of some raltnacoae, while 
the structure of tho seed approaches that of Araccic. But the nearest 
allies, in both habit and structure, are of course the (/yperaceae : oia* 
dislinctiye mark between them, the hollow* st(iiii, suffers (exception in 
iSaccharum and various Grasses of hot climates; the creeping rhizomes 
of ordinary G^ass(^8 are also commonly solid. Tho supposed (liversity of 
structure of the stem of Grasses from that of other Monocotyledons is 
imaginary; thoir culms are simply fistiilar states of the structure existing 
in Tradescantia virymica, which,* like Grass- stems, roots freely at tie* 
nodes. The habit of the Gnisses familiar to us in Britain is uiiilbrmlv 
IhU’baceous; hut ISaccharum and some southern forms, such as ArunJo 
Doii(u\ Panicum Hpectahiky Fextuca Jiahellata, tS:c., attain the dimensions at 
least of shrubs ; and liamhuxa is arborescent, having a woody stem 50 or 
00 feet or mure in height. 

Distribution. — Constituting one of tho largest natural Orders, the Grasses 
are universally distributed, and in temperate climates appi^ar in vast 
numbers of individuals, forming the principal mass of the verdure covering 
the surface of all but utterly barren soil. Tho great extent of tlioir cul- 
tivation is also remarkable, and still more the absence of infovmiition as 
to the native countries of the Grain-grasses, which have been objects of 
artificial culture from before the memory of man. Rye, Barley, and Oats 
are tho hardier grains ; Wheat is the chief grain of tempfjrate and wann 
temperate climates, being associated in the latter with Maize and Rice, 
which form the chief grains of the tropics, — Maize more parfiiudarly in 
America, Rice in Asia, and both, locally, in Africa, Itice-growing being 
depeudtjut upon the possibility oi irrigation. Various Millets {l^rghum^ • 
Panimmy &c.) are largely groAvn in Africa and Asia, and to some extent 
in South Europe. The Grasses of warmer climates are more tufted and 
loss gregarious in growth, acquire greater stature, are sometimes arbores- 
cent, and very frequently prestint the monoecious or p«)lygamoiis condition 
of the dowers. Grasses in a fossil state have been found in the Upper 
Eocene and subsequent formations. 

QuaiitieB and Umo. — The main value of this Order rests upon the seeds 
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or inoro properly the fruits, especially of what are called the “ Cereal 
(J rains,” just referred to, and which in their abundant farinaceous peri- 
•perni, capable of preat iinprovement in quantity and quality under cultiva- 
tion, furnish the principal material for bread in most countries, except whore 
the severe cold forbids tlieir prowth, or the tortile soil and favourable 
climate supply sullicient food with a less laborious ajSfriculture, ns in the 
rase of the Plantain, ]b'(vid-fruit, and other tropical esculents. The 
Sugar-Cane is another gross of scarcely less value : and the foddor-Grasses 
are of immense importance as furnishing food for domestic animals. A 
Jew of the Grasses nave somewhat active properties. 

The principal Corn-plants are : — Wheat, Tntkv^ni ntlgare and many 
varieties (Spring Wheat is calhal T,mfivmn» Autumn Wheat T. hihm'- 
num ) ; T. Spelta, Spelt ; T. composi/um, the ■Vliimmy or Egyptian Wheat, 
has compound spikes; Harley, Iforflf'um ‘ tJuttirhufUf with its varieties 
Horthtim vulf/arc (Here or flig) and //. hej nslicJtmn ; Oats, A vena mtiva 
and A. tirmdnlk (Tartarian Oats) ; Kve, Secah cereuk ; Maize or Indian 
( Virn, Zea Mags ; and liice, Oryza ftaiiva. 

Among those hiss generally known are; — several Millets, such as Setaria 
yn'manioM ((lerinan Millet); SStdariait^Uim (^GCora Kang,” East Indies); 
Pameum frumenttwe^ttn (“ Shainoola,’’ iJrccan); Andntpoyem Sorghum 
(^‘ Diirrn”) and A. saocharatum (‘^8hahu>,” Kast Indies); Panieunt nnlt- 
aceam (^* Warree,’’ P]nHt Indies) ; Pmicillaria vpicata Ilajree,^^ East 
Indies) ; Paspahnn e.rih* (** Eundnnji,” West Africa) ; Poa abyssimea and 
Hkmine Toc^ma (^^Tetf” and ^^Toeussa,” Abyssinia) ; Eleminp Cm'ocana 
(“Natchnee,” Coromandel); Zizania aqmitvuy Canada iliee; Phalaris 
eanarienstA, Canary seed, &c. &c. 

Among the most ml liable f()dder-Gras.«es of temperate climates are : — 
the Ilvo-gi'asses, Lolium perenne^ iUdicum, &c. ; Plumm prateme, Peatitca 
pratrnm, CynommM cristatm^ Anthoa'anthnm odoraium^ &c. Paniann 
sprefnhik, a liay-grass of linizil, grows or 7 feet high ; Anthutiria 
nudralis is the “ Kangaroo ” Grass of Australia ; ArUhisfiriu eUiata and 
(^ynndon DactyUm nr^^ e^tetmied Indian fodder-grasses ; Tripsacum due- 
iyloidesy Gama-graa.s, in Mexico ; Gynerivw arg(*nfeum is the Pampas- 
grass ; and Feduca JHahelhnden, tlie Tussac-grass of the Falkland Islands, 
is said to bo \ory nutritious. 

Saccharurn officirwi'um i.s the Sugar-Cane; Sorghum mcoharatvm and 
Gynerium mocharuides ( Hrazil ) likewi.sti contain much sugar, as does also 
Maize, before the gi’ain is ripened. Many Grasses are fragrant ; the Sweet 
Vernal-grass of our meailows, Anfhoxanfhum odoraUimy is an example, 
the scent being most powerful in dried gross; HierocMoe hwealu is 
another; and this quality is still more strongly developed in some Easl- 
Indian species, such as Andt'opoytm cifratum (“ T^emon-gross ’*) and A. 
Ivarancmm^ A. Calamm-aromaticw^, and A, mw'icatum (“ Vetivert ”), 
of which the roots are largely used. This last Gross has stimulating 
properties; and another species, A, Nardm, is called Ginger-grass, ’ 
from its pungency. Many others were formerly, or ore still locally, 
esteemed as medicinal, such as: — Ctnx laohiyma, the hard grains of 
which are known by the name of Job’s Tears ” ; the common Heeds, 
Phraymites arundinacea^ Caiamagro8h\ Arundo Donax^ Tritinm repensy 
(Couch Gross or Quitch of farmers), &c. The supposed poisonous pro- 
perty of Darnel {Lolium tcmulentutn) is not satismctorily ascertained. 
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Among the Grosses iiselnl in iuaiuif«ctures ore tlie Hamhoo {Bamhum 
arurulinacra), the Reed {Anuuio PhratfmiteH^ A. DonaXy »fec.). CJoursi* paper 
has long been made from the Rnmboo in Indio, ond recently from Mirioiis 
straws in this country. Liftfeum Hparium is the Ksparto Gross, much used 
as a coarse fibrous niaternd, and also in the Tiianuitu*ture of pa]aT. The 
Sand-grasses, Ph/mm aremrhuif Arundo arenanuy and similar creeping 
species, are valuable binding- weeds on shilling sandy shores. (.Trasses 
are remarkable for the quantity of silex existing in the epidi*rmis; and 
in the ilamboo o solid siliceous substance, colled Tabasheer, collects in 
the hollow joints above the nodes. Many species are cultivated for the 
oleganct* of their flowers or their foliage, such as Ai'umlo JJonaXy various 
specie *s of Jlambiisfc, Oyneruun (the PampaH Grass), &c. 
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Nubkikodom II. CRYPTOGAMIA, or PLOWERLESS PLANTS*. 

GENERAL AKOlPIJOLOGY. 

Introductory Remarks. — The division of <he Vegetable Kingdom 
into PliaFierogainia and Cr\^)togjimia is hasetl on the mode of 
prodiietion. It has b( 3 en seen that in the l^lniiiepogamia the plant 
accomplishes this by the formation of a seed of which the essential 
j)art is the embryo. In the Gryptogains, ihongh the processes by 
^^dli(•h it is arrived at difFer widely among themselves, it will yet lx* 
found that reproduction is l)oiuid up invariably with the formation of 
spores destitute of an embryo, and often consisting of simple cells. 
At tlie same time there exists throngliont the whole Vegetable 
Kingdom, in Phanerogams and Crypiogaiiis alike, another mode of 
roproductioii called vepelative^ which is entirely independent of 
sexuality, and which usually consists in the n»ere separation of a 
part of the mother plant. 

The Cryptogamia are tlivided into i-wo great groups characterized 
by difference in the structure of their vegetative organs. The 
higher group, called tWmoidujta^ composed of the Perns and 
their allies with the Mosses and th(»ir allies, resemble the Phanero- 
gams in the possession of an axis or stem hearing leaves. Th<‘ 
lower group, or ThalUrphyta^ comprising th6> Algm, Pungi, and 
Lichens, presents in its v(*getative structure no clearly marked 
distinction between root, stem, and leaf ; the plant is composed of 
a thallns, formed by sim])le cellular tissue, sometimes in its shapt* 
resembling a leaf, sometimes a stem, and sometimes a root. The 
simplest plants of this class consist of single cells. Although in 
general the distinction betwomi Cormophyte and Thallophyto is 
easily recognized, certain families on both sides possess so dose an 
affinity to each other, that no sharp line of demarcation can be 
drawn between them. A similar difficulty is experienced on the 
lower frontier — the much disputed borderland between the Animal 
and Vegetable Kiiig(ioms. 

Cormophyta, or Cormophytal Cryptogams. — The Cormophyta, 

already mentioned, consist of the Perns and their allies, 

[* The Bections relating to the Cryptogamia have been rovined and in part 
rewritten by Mr. George Murray,* of the Botanical Department, British 
Museum. Although, for uniformity’s sake, the account of the Cryptogams is 
given in this place, yet the student will be unable to understand the anatomy 
and pliyfliology of these plants without having previously mastered the contents 
of the substH]uent sections relating to Anatomy and Physiology. — Ed.] 
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with the Mosses and their allies. These two ^roiips arc distin- 
guished from each other by the structure of their tissues. The 
Ferns and their allies possess a \vell-develo[)ed vascular system, 
and under the name of Viiseular Cryptotjatm are arranged the 
J'Jqiiisi'tacecp, Filices^ Lycajyodiacem, SelayitielUiceo!, and lihizomrpea\ 
The Mosses and their allies the Ifejxifiece (forming the class called 
the Miisvimas) possess no true vascular system, though the tissues 
in the stems of Mosses have the character pf vascular bundles of 
the most rudimentary kind, in neither Mosses nor ilepatics do 
true roots, in a morphological sense, occur, though they possess 
organs (root-hairs) which discharge similar functious. Ju spite of 
those elefects in stmeture, the Mosses must still be looked upon as 
standing higher in the scale, from an anatomical point of view, 
than such I'hanerogams as the Lemmuw^ wduch have neither true 
wSlem nor true root . 

Sexual and Asexual Stages. — In their life-history Vascular 
Cryptogams pass through two morphologically ^d pliysiologically 
distinct generations — a sexual and an asexual ; and this holds true 
of all Cormophytal Cryptogams. The is bonnj in various 

ways ill ditlereut families ; in the familiar case of Ferns it is borne 
in capsules or spomnyla usually on the back of the frond. When 
it germinates, it produces a thalloid layer of cells called the 

anti it is on this that the sexual organs are formed. The 
prothallium contains much chlorophyll, and forms uuniorous root- 
hairs. It is soon in a position to nourish itself, and by-and-by 
produces the male (antheri<lia) and female organs (archeyonia) 
(see tig. 4913). The antheridia give rise to spermatozoids, which 
fertili/Ai the archegoiiia. This is the se.vual f/eneration. 

Out of tho ardicgouium springs the as^vual, leaf-bearing gene- 
ration, which, in common language, is usually called a Fern, a 
Horsetail {Eijuisetum)^ &c. It bears the spores, as described, and 
these in their turn again produce the sexual generation (prothal- 
Jium), and thus the Jife-hislory priweeds in alternate sexual and 
asexual generations. The asexual plants possess a true vascular 
system, differing in details from that of Phaniirogains ; and a more 
special description of their structure will be found under the liead- 
iiigs to which they are Foferred. Their apical growth usually pro- 
ceeds from a single terminal coll. A remarkable (ixception to tbti 
rule of alternation of generations is found in the reproduction of 
Pkris cretidi, Mr. Farlow * discovered that no female organs are 
formed on the prothailiiim of this Fcm, though the male organs 
attain full development and produce spcrinatozoids. The leaf- 
bearing generation springs from the prothailiiim in a purely vege- 

^ XJeber ungoschlechtliche Keimpllanzen an Farn-Prothallien," Botanische 
Zeitimg, 1874. 



410 


SYSTEMATIC BOTANY. 


tative manner. This important discovery, however, cannot alter 
oiir views on the alternation of gerieration in Vascular Cryptogams, 


Fi<r. 403. 



Keprodiii'tinn of IVmH; njiorc* f;«Tininal.in); ; 6, more advnnrcil (ma|[;n. oO diam.) ; c, full- 
(;rown ]irothnlJiuTn. >nith arch ohdiiisi (lower Hurfaou)! vertical 8i*H.ion of the eentral 
region of a proth allium, pnsHiuf; throii(;h an archef;otiium and two antheridia; e, two 
antheridia (nide view); f, antheridia Keen from nhove ; (7, antheridiiim burst (Hide view); 
A, ejierni-eell from antheridiiim; t, Hpi'mintozoid escaping from Hperm-cull (maf^n. 300 
diain.): l\ front view of u ki lerran toxoid ; /, vertical Mcction of a 3’'oung Hrchefrotiium ; 
m, more advanced ; m, Btill older, with tlie canal open and on embr}'onal corpuHele in 
the anc (nin([ii. loo dinin.); o, view of the mouth of an arohegonium, from above; p, 
vertical neetion of an arehejjoiiiiun with the #>mbryo in courae of development in the 
Hoo ; f/. the same, more axlvanetal (lesa magnifled) ; r, vertical section of young plant, 
more advanced, witli a fnigment of .the prothailium (magn. ,S0 diam.); /, young 
pliiuts of PteriM sfrrvhita, with their first and serond leaves and adventitious roots 
Btill uoiineeted with their prothallia. 

for such an exception cannot, from its abortive nature, destroy the 
rult\ 

In the MuscinecB the alternation of generations is similar to that 
in 'Vascular Grj^itogarns. Out of the germinating spore (in all 
Mosses and in some Hepatic.) comes a Protonemn of a thread-like 
structure, on which tlie sexual organs are formed, or (as in 
most Hepatkai) the sexual generation is directly developed. It 
is worthy of notice that recently ,l3rs. Pringsheim and Htnhl have 
succeeded in bringing about an artilicial production of the Proto- 
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nemeiy which they caused to spring from certain parts of the asoximl 
plant. This discovery stands in much the same relation to the 
alternation of generations in the Mmcinecp. as the discovery of IVlr. 
Farlow does to that of Vascular Cryptogams. 'Inhere are, besides, 
different modes of vegetative reproduction in Mosses, the principal 
of which are by (jemnm and by stolons, 

Thallophyta. — We now come to the lower Oypt ogams called 
Thallo 2 >liytft, under which name are compreheiided the Algae, 
VuTigi, and iiiehens. The vegetative structure is in the greater 
number of cjises u simple one, since the plant usually consists of 
a thallus in which no distinction between root, stem, or leaf exists. 
The class includes organisms, Iiowcaxt, of widely different degrees 
of develoi)ment. The lowest forms are composed of one cell, and 
often bear so strong a resemblance to the minute animals called 
Infusoria, that it is only in recent times that a satisfactory division 
has been established. By almost imperceptible gradations we rise 
to the highest representatives, in which indications of those forms 
called leaf and stem appear and an undoubted differentiation of 
tissues exists. The functions of a root, M'hen such are necessary, 
aiti performed by root-hairs, and by a kind of sucker called a 
Jiaustonwn in those plants which live by parasitism. The class, from 
its comprehensive nature, includes an extraordinary number of 
forms, which can, hou’ever, usually be distinguished into a com- 
paratively small number of grouj)8. In their life-history 'lliallo- 
pliyta cannot be brought under one general rule, as in the case of 
the Cormopbyta. In many cases a simple alternation of gtuiera- 
tions is the rule, while in others several generations form a life- 
cycle, links of which may, under circumstances, be omitted ; but this 
is the exception, in the Uredineoi, for instance, three generations 
form the life-cycle of the plant. 

Fungi. — In the Fungi the vegetative body consisls, with the 
exception of several doubtful cases, of filiform, more or loss 
branched liyphcE or threads. In many instances the thread is one 
long, densely ramifying, bladder-like cell ; but in most cases it 
consists of a series of cells placed on end with dichotomous or 
lateral branches. Of such cells the large bodies of our familiar 
Fungi, as well as those of the minute species, are composed. G'he 
cohesion of the hyphus is usually effected by their l)eing densely 
interwoven in various ways in the different plants. It must, how- 
ever, be mentioned that exceptions to this very general condition 
of things exist. I'here is found in the stalks of the Phalloidece, 
in the pileus of Russula, Levetarius, in Sclerotia, and in the 
peridia of the Lycoperdaceag a kind, of tissue bearing a resem- 
blance to the pareiichyme of the higher plants ; but this resemblance 
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is slight, and it has been found necessary to adopt for it the 
term pseudo-parenchyme. The structure and growth of the fungal 
cell agree in essential points with those of the vegetable cell as it 
occurs elsewhere. In the numerous ^ungi which develop rapidly 
and have a short existence in the adult state, the cell-wall is thin, 
tender, and structureless. The pussessioii of a thick cell-wall of a 
homogeneous, unstratiiied nature is noi uncommon. Cases also 
occur (in ilie Pohjporei^ ThelepJiora^ Bovista, Geaster^ Talostoma, 
&c.) in which, by the aid of sulphuric acid, solution of potash, or of 
Schultz’s mixture, a cell-wall of two or more coats is found, but 
in certain instances simple immersion in water is sufficient to show 
a beautiful strati tication, Prom the differences in chemical reaction 
the (teJl-membraiio of riingi cannot be called true cellulose, and it 
has therefore received the special name of funyal cellulose. I^he 
protoplasm differs from that of the higher plants in the constant 
absence of chlorophyll and of a nucleus, llrops of oil and other 
bodies have occasionally been taken for nuclei, by Schacht, for ex- 
ample, who also described nuclei of such ijitinite minuteness that 
they could not be accepted. In the formation of vacuoles and tht^ 
possession of fatty oils, both forms of protoplasm agree. fSiarch 
and chlorophyll are always absent, but ])igments of various colours 
ueeur plentifully. Oystals of calcium oxalate are to be met with 
iu the inter<'ellular spaces of many Fungi, but iu ordy two cases 
liave they been found iu the interior of the cell (Jiussula adusta 
and Pkallm caniiius). Cell-division takes place in the same way 
as in the other |dants. 

The ri'prodiictiou of Fungi is effected by both sexual and asexual 
moans, and the organs by which this is accomplished are iu both 
cases simple cells. No one species is known to possess more than 
one method of sexual reproduction, though various asexual methods 
are known to oci;ur in ilie same species. The organs are cfilled by 
different names in the diff’eroiit groups, and a description of them 
will be found under those divisions to which they are peculiar. 

Spores. — The term spore is used to signify a reproductive body 
in a general sense, and for the mother cells from which the spores 
are developed the wwd sporangium is employed. It must be men- 
tioned that, from the very varied modes of reproduction which are 
met with, a great number of special terms have been proposed in 
the use of which a certain amount of confusion for some time 
existed. The spore may bo enclosed by one or more coats of dif- 
ferent degrees of thickness and density. When it germinates, a 
tube called a germntuhe is emitted, which conducts itself in different 
ways according to its species. The spore in some instances bursts 
and produces a number of ciliated spores called swarm-spores or 
zoospores^ which also behave in different ways. The germination of 
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the spore is sometimes introduced by division of the spore by sc'pta. 
The body imtnediately resulting from germination is called the 
mycelium, and usually ramifies very densely. To it belong the 
functions of gathering and storing nutriment. bVom the inyce- 
liuin there springs the recepUmilum^ on which the reproductive 
organs are situated. The recxjptaculum is, e. y, in the case of the 
common Mushroom, that part vulgarly considered the whole body, 
and it is subject to many variations in shape. 

The lowest forms of Fungoid life are to bo found in the Myxo- 
myceteft. In many characters, wsuch as the formation of spores, they 
agree with the Fungi ; but in others they are so far removed that 
tlie tendency is to ally them witli such animal bodies as Amoiba. 
The plnsmodiurn (which corresponds to the thallus of the true 
Fungi) is of a slimy or creamy appearance, and viewed with tlie 
microscope it reveals a number of anastomosing, net-like channels 
which maybe compared in function to arteries and veins, and along 
whicli there courses an ever-streaming current of protoplasmic 
matter, bearing such foreign bodies as spores of fungi, shirch gra- 
nules, particles of colouriiig-inatti^r of difCenmt natures, ttc. These 
channels are not confined by a definite membrane, so that a constant 
changing of position and direction is permitted, and this to such 
an extent that the plasmodia of different species have been seen to 
unite. By-and-by a state of rest is attained, and a capsule or 
sporangium containing spores is formed, which reproduce the or- 
ganism in a truly fungal manner. Their nourishment takes place 
in much the same manner as in the case of the animal Amfuba, To 
Professor de Bary belongs the honour of having worked out their 
wonderful life-history. 

Lichens. — Until very recently the Lichens were thought to oc- 
cupy a posit ion in the Vegetable Kingdom (upml in importance to 
that held by the Fungi and Algie ; hut from the more intimate 
knowledge of their structure and life-history, obtained througl) the 
researches of Sebwendener, Do Bary, 8tahl, Bornet, and others, it 
is necessary now to regard them as only an onler of the great group 
of Fungi called Asconiycetes. The thallus and fructification are 
without doubt identical with those of the Ascomycetes ; hut there 
enters into the composition of the Lichen another important factor 
in the form of minute algje on which the fungal hyphee lead a life 
of parasitism. The case may be shortly stated thus : — The green 
parts of the Lichen, called gonidia, are minute algao, which gather 
nourishment in a perfectly normal manner. The hyphas of the 
fungal parasite extract this nourishment for their own use, and 
the balance of supply and demand is so preserved that both para- 
site and host continue to consort through life in a harmonious 
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Tnsmnep. The j^onidia (alj^ac) must be looked upon as iiidepeudeut 
orgaTiisrns, imprisoned and ion^id to serve the double purpose of 
])rovidinjy for themselves and their parasites. At the sauio time 
tht?y reproduce thcnr own species. 'I’heir specific identity with 
members of the genera Pleurococcua^ A'ostor, &c. is well established. 
I^he parasites, on the other hand, are true ascoinycotous Fungi, 
reproducing themselves in a strictly ascoinycetoua manner^ and, 
instead of living on tissues which sooner or later succumb to their 
demands, have stdecled hosts offering the greater advantage of 
persistent life. Of the two comporumts the Fungus is tlie superior 
both in bulk and nature, and it is for this reason that the Lichens 
must he classed as Ascomi/cetes. 

AujyK.- - By e\(‘ludijig Lichens, as a Family, the division of the 
Thallophvta is reduced to 1 hat of Fungi and Algae. The Algue 
may be said to form a parallel Family to the h^iingi. The sanu* 
gradation from memhcTs vxhieh consist of a single cell to liigher 
forms, the ihallus of which possesses a struel ure of a more com- 
plicated nature, exists, and the morphological characters rising with 
equal step present strtmg marks of similarity with tlie parallid 
Family. It has been said that Algiv arc Thallopliytes containing 
chlorophyll, and Fungi are Thallophytes in which it is absent; but 
tliis classification is arbitrary and olhervvise objectionable as based 
on subjeclive characters. 

The thallns of the liigher Algae rcs(‘mbles that of the higher 
Fungi. Its histological ])eciiliarities are not markedly different 
from thos(i of tht^ Fungi. It consists usually of pseudo-parenchyme ; 
and in some instances a seeming diOerentiation of tissue into epi- 
dermis and fundamental tissue is exhibited, though the so-called 
epidermis must be n^garded as only analogous to true epidermis. 
The cell-walls consist of an uiiligiiitiod cellulose, which shows a 
blue colour on tlie a]>])lication of iodine and sulphuric acid. Many 
Algae are enveloiied in a gelatinous substance, which is produced 
by a process of degradation of the cell-wall. Others again, owing 
to the deposition of cahdum carbonate in the cell-wall or its excre- 
tion into the inlercellnlar sjiaces, attain a calcareous structure, as 
in Corallina. The gelatinous substance serves as a means of fixing 
the plant to its station, and tlie calcareous or silicate coats form a 
valuable protection. It has been stated that the cells possess a 
nucleus ; but this is not well established. Starch occurs frequently, 
andVhlorophyll, sometimes covered by pigments of various colours 
(which can cosily bo rc^rnoved by cold distilled water), is constantly 
present. The algal cell, from the possession of these substances, 
stands indiidclually much nearer the ideal jierfect vegetable cell 
than the fungal cell ; and the, reason is apparent ; for, whereas the 
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algal cell obi ah is, as a rule, its nourish nioiit in a legitimate, indepen- 
dent way, the fungal cell extracts it after a more or less parasitic 
inanuer. A parasitic life, however, is not uiiconiinon among the 
Algm. The large Algm (such as Fucm) often attain colossal di- 
]neusions and a tree-like form, while the iilamentous plants foriri 
wavy masses sometimes of considerable length. Those A Igte which 
consist of single cells sometimes possess the power of motion by 
tine cilifn (as in the animal Ltfusoinn), while soinotimes tliov form 
colonies cohering by the gelatinous sulwtanee just mentioned. The 
re])rodiict ion of Algm is effected by both sexual and asexual means ; 
and these processes bear ofttiii a striking resemblance to those 
which occur in the Fungi. The asexual means consists usually in 
the separation of some merely vegetativtJ part from the mother 
plant and in the detachment of gpmmtv. In the sexual reproduc- 
tion a variety of ])roces8es obtain which will be described when the 
families in whi(*h they occur are treated of. 

The Ordc^r (^haiiaoea 5 forms a link of connexion between the 
Algie and the Cormophyta, while on the lower frontier such 
organisms as Bacteria uiiit/O the lowest plants with the lowest 
uniinals. 


SuiJKTMinoM ir. CRYPTOGAMIA, or PLOWERLESS PLANTS. 

Plants reproduced by spores destitute of an (unbryo. 


Class I. CORMOPHYTA. 

CVyplogaiTious plants usually provided with sterns, leaves, and 
roots, or their morphological equivalents. 

Ihider tills head is associated a number of vegetable forms which are 
closely allied to the Phuiieroganis in the details of their vegetative struc- 
t lire, hut which are separated from thorn in the processes of tlioir sexual 
re])roduction. E^'en in their reproduction there is to be observed a degree 
of similarity with the Gyninosperms (a group of J’hanerogams), though 
this is of so remote a character and so different in the steps hy which the 
point of similarity is reached that near affinity cannot be assoi'ted of 
tlioni. On the other hand, the vegetative rirgans are morphologically and 
physiologically of similar value in Corniophytol Cryptogams and Phane- 
rogams. Just as we have iu Phanerogams a scale of degrees in the deve- 
lopment of the vegetative body, extending from the in()i*pnologically perfect 
down to the cellular plant, in which leaves, stems, and root are repre- 
sented W aflat thalloid formation {T^emnacem)^ so we have in the Cormo- 
phytal dryptognms a similar scale, in which tlie deurces are perhaps 
more strongly marked. In the Connophylal Cryptogams the FUicee re- 
present the highest degree in the scale, stem, root, and leaf perhaps 
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more highly developed than in any other member of the Vegetable King- 
dom. Passing over the leas sharply marked dejrrees in the scale, repri'- 
aented by other Vascular Cryptogams, we come to the Moaaes, in which, 
though stems and leaves are present, we lose sight of the true root, the 
place of which, however, is supplied by organs of corresponding physiolo- 
gical value. Jn the stems and leaves, "too, we no longer find the relations 
BO perfect, since there is no perfectly organized vascular tissue, but only 
an indication of it. The anatomical structure of the Hepatices is com- 
paratively still lower in the scale, and approaches that of the Thallo- 
pliytes more m'arly than any other Oonuophyte. The life-history of 
(^ormophytal Ory])togani.s consists of two distinct generations — a sexual 
alternating with an asexual one. 


^vision 1. Yascnlaria. 


(vonnophytal Cryptogams possessing vascular tissue. 


l^he Vascular Cryptogams consist of the FApimiacvai, the JY/Zrex, the 
LycopodiovefPy th(i SelayineWtrerp^ and the Wnzitcarpvft:, Tlieir lifo-hi«torv 
is composed of two iillernating geriomtions — an asexual and a sexual. 
The asexual generation is tluil in which the plants are commonly setui and 
known, and during which they attain the highest point of development in 
their vegetative structure. They possess in tins stage both cellular and 
vascular tissues, organized in some cases (the Jf'V//V.7's) perhaps the most 
perfect system possessed by any kimwn vvgetnble. Shortly staled, their 
lite-hisuiry begins with the gt*rniinntion of an asexuaJly produced spore, 
which gives rise to a protlialliuui (usually a mere laycT of simple cells 
so organiz(^d as to sustain au indepeialent life), on which are liorne 
z/w/AmV/wi ( male organs) or rt>r//c//onm (female organs). The nntheridia 
produce anthvrazohhov sper7ii(itozoi(h^ ns they are differently named, which 
fertilize the avcliegonia out <»f which the asexual spore-beai’ing generation 
springs (see fig. p. 410). 

TheA’nsculnr Cryptogams are divided into five Orders as follows: — 


]^>(uisetaceje. 

Filiees. 

lyvopodiaceae. 

Selngiiiellnceao. 

lihizocarpem. 


[ Spores of one kind. 

I Spores of two kinds. 


Series 1. Isospohia. 

Avascular Cryptogams producing spores of one kind only. Pro- 
f liallium growing free from the spore and producing antheridia and 
arehegonia. 

EQTJISBTACE^. The Horse-tail Order. 

Diagnosis, — Asexual Generatwn : llerbaceona plants with jointed, 
subterraneous rhizomes^ sending up at intervals dstular-joiuted 
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stems, bearing whorls of scale-like leaves at the joints, where they 
are sometimes vcrticillately branched. Spores borne on metamor- 
phosed leaf-bearing stems, terminating in a clavate joint covered 
with dehiscent sporanges. Spores triple-coated, of one kind, with 
two elastic filaments called elaler»^ formed by the spiral fission of 
the outer coat of the spore. Stem, rhizome, and root grow longi- 
tudinally by means of a single apical cell, giving off three series of 
segments, Fibro-vaseular bundles arraugv^d in a circle. No peri- 
canibium in the root. Sexual Generation : arising fr<mi the spores, 
consisting of independently subsisting, usually diiecious protliallia, 
the male prothallia being smaller tbau the female. — Illustrative 
Genus : Etjuisctum^ L. * 


Structure and Llfe-bletory. — The 

L(pii.'it*tii(*efio lit present existing con- 
sist of a single genus, JUfjinsetnm, a small 
gronn of liHrljaceoiis plants, growing 
chieiiy in wet places, witli a creeping, 
subterraneous, jointed but solid rhizome 
( Jig. 41)4 , a ),f rom which arise orcci alioota 
or stems. The stems are striated lon- 
gitudinally, jointed at intervals, with 
cireles of small and narrow, meiiihra- 
nous, scalc-like leaves at the nodes, and 
they are iistular like the stems of 
(brasses. They are also traversed by 
several air-canals, varying in mini her 
and disposition according to the species. 

The-.steni.s are sometinie.s simphi, some- 
times eom])ouTid, hearing whorls of 
braindns at tlie nodes, which brnnehos 
resemble the main stem in character, 
and freqinmtly brancli again in a similar 
manner at their nodes. The erect 
stems are either fertile or barren (meta- 
morphosed or true) ; income species the 
fertile steins are short and simile, while 
the barren steins are tall and proviiied 
with numerous whorls of spreading 
compound branches (^. fluviatih). The 
fertile stems terminate m a kind of club 
or spike (tig. 41)4, 6), composed of a 
short axis closely covered with epo- 
ranyes (cj; these are small peltate or 
mushroom-shaped bodies (d) attached 
by their slalks to the central axis, and 
bearing under the overhanging head a 
circle of vertical, tooth-like pouches (d), 

resembling the anther-cells of Thuja among Conithrs, which burst by 
a vertical slit on the inside to omit the spores when. ripe. The spores 



Orf^nnization of JHquiBotacciF:— <i, fer- 
tile Bti'in tif EtjutMHfum arrenM, anninf; 
from the rhisomi*; A, friiit-B|»ike (tint. 
Bisr); a transvernn BiHition of do., 
ahowinif how the sporanges are at- 
ta<*hp4 to the axis: d, n group of 
fq>oraDgeB Bet*n from beneath ; r, a 
spore :y'. the niimo, with itM ‘^^elaterB " 
uneoiled ; g, fragment of the brauched 
■tem of E. paltutre. 



418 


SYSTEMATIC BOTAXT. 


are furnished mth filiform processes, called elaterB (fipp. 404, /), consistinpf 
of two short tlin^adfl attached at one side, coiled spirally round the spore 
before it is mature, and unwiudinjf with elasticity when the spore is 
discharp^ed from the sporangc. The erect stems die down annually, 
while the rhizome persists. 

The asexually produced spore of the Equisetacere contains a nucleus and 
chlorophyll graimlcs, and it is, perhaps, owing to this high slate of internal 
organization that its powers of germination are retained for only a few 
days at th(i most. The first sign of germination is an enlargement 
of the spore and the assumption of a pear*like foim, during wdiich it 
divides into two cells; the smaller, possessing almost colourless con- 
tents, grows out in the form of a long root-liair, and the other, contain- 
ing the chlorophyll of the spore, by repeated cell-division ultimately pro- 
duces the protliiillium. ' The prothalliii of the Eqidsotacen? arc small, fiat, 
thalloid (as their name implies), chlorophyll -containing bodies consisting, 
in some parts, of several layers of ccdle, and supplied wdtli irrt'giilar arm- 
like lobes. ( )n the prothallia, which are uMuilly dioicioua, are to be found 
the sexual organs- -antlujridia or ai'cliegonia as the case may be. I'ho 
male prothallia are usually a few' iTiillimelres long, and the female often 
as much as half an inch ; hut, although iiidivirlu.'il in the minor details of 
form, different specie's are distinguished by differences in breadth, length, 
and the nature of their branching, Tim anti leridia, or male organs, ore 
produced at the end of the large andbtdween tw o smaller secondary lobes 
of the male prothallia. They contain u])wnr(ls of 100 large spormatozoids 
(the largest produced by any Cryjdogam ), wliioh on being set free swim 
about in the w'ater, without the pres**nce of wdiich they cannot be emitted, 
'fhe archegoiiia, or female oigans, arise ut tlie base of the lobes of the 
feiriale prothallia, and consist cacli of a few cells so ammged as to form a 
canal leading to an embryonic cell in tlie cciitn* of llic other cells of the 
nrehegonium. The central embiyonic cell is fertilized by a spermatozoid 
Ihrougli the conductive agency of the canal. Immediately after fertiliza- 
tion tlie canal cidla close, and the embryonic cell begins to increase in size, 
And the cells of the neighbouring tissue undergo a corresponding increase 
in number, lly-aiid-by the embiyonic cell also divides; and after the 
division has been often repealed, w’o begin to see difforentiatioii in tlie cells, 
which is the result of this process, 'fhe gi*owth proceeds by an apical 
cell, and a leaf-bearing shoot wdth a rhizome and root is soon to be seen 
and recognized ns a young l](p(isvtinn as it is commonly to be found. 
AVlicri the Eqvi'yetimi lias ntlained mafurity, the asexual spores (from 
w'liicJi w-^e started) are again bfime on the en*cl metamorphosed stem, and 
St) the life-history proceeds in the alternating sexual and asexual gene- 
rations. 

AfflnltleB, &o.— -The well-known fossil Galamites resemble in a very striking 
degree the existing i-^preeentative of Epmctim, not only in the^tissues of 
the vegetative body, but* even in the possession of elaters in the fructifi- 
f cation. The plants of this Order at present existing belong all to a single 
genus, which is veiy unlike any other form of Cryptogamous plants. Jn 
external appearance the stems have no little resemblance to those of 
Ephedra and CasttaHna ; but their internal organization is totally dififerent. 
They resemble the Grasses in having a deposit of silex in the epidermal 
tissues of fistular erect stems, in E, hyemah so abundant that the ashes of 
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tho stem form a prood polishing-powder, like tine tripoli. In their life- 
history thesti plants agree essentially with the Ferns. 

Distribution. — The Kquisetacere are found in wet places in most parts 
of the globe. Oalamitcs and other plants referable to this group occur in 
the (]!ai‘boniferous and other rocks. 


FILICES. Febns. 

Diar/nosis, — Asexual Gmeraiion. : Herbs with a siibterraneoiia 
rhizome, or trws with an uiibranched caudex, with vvell-dovolopod, 
generally nion^ or less divided or compound leaves, circinate in 
vornatioii, and all or part bearing clusters of sporariges {sori) upon 
the lower surface (fig. 405, rt, Z», d) or at tlte margins (</), seated 
ii])on branches of the veins. The son are either naked {h) or 
covered at first by a variously formed dehiscent or separating mem- 
hranons structure (indusiunf, d, e) which is continuous with the 
e[)idermis of the leaf. The sporangia are metamorphosed hairs, 
and the leaves which bear them are sometini'^s also themselves 
melainorphosod. An apical cell is not always present, but whore 
it occurs it gives off, in tho stem, cither two or three series, and in 
the root always three series of segments. Tho vastuilar hiiiidlcs 
are very strongly developed, Jind the cfentral xylem, composed 
chiefly of scalariforin, thickened traeheides, is surrouiul(Hl by weak 
])hlo(*m. Tha Sexual Generation^ arising fron) the spores, consists 
of independently subsisting mouujcious protliallia. 


Illustrativk Okneiia. 


Tribe 1. Poi.ypodtkas. SporamjcH 
sUdkedf with a vertical annulus, 

Acrostichum, L. 
Oymnogramiiie, Desc, 
Outcracli, Adans, 
rolypodiiira, L, 

Adiaiitiiiii, L, 

J'U'ris, L. 

Allosorus, Jiemh, 

JJlochmim, L, 

Aspleninm, L. 
iScoli^pendriiim, Smith, 
hastrc'ca, Prml, 

A^idium, Swartz, 
C^toptcris, Bernh, 

Tribe 2. Cyathk^. Sporanges 
sessiJcy more or less elemted on a 
common receptacle: annidus vertical, 

Alsonhila, -R. Br, 

Cyatliea, Smith, 


'JVibc .‘h P.vH iv r. iiTE a:. Sjmvnges 
thiny with a broad y imperfect ^ vn'tical 
annulus, 

(^cra topteri .s , Urongn, 
I'aikena, Hook, 

Tribe 4. 1 1 ymknoimtyi.lka?. Spo-> 
ranges on an axis produced hg the 
vxcurrence of a win begimd the mar- 
gin of the loaf ; annulus horizonUd 
or oblifpw, 

llym mophyllum, Smith, 
Trichomanes, L, 

Tribe lit* (Ileiciienika?. Sjut- 
ranges cor^otdy arranged in fours 
in the dorsal sori, marly sessile^ 
with a transverse or oblique annulus ; 
bursting vertically on the inside, 
(illeicberiia, Smith. 

Mertensia, Wdld, 

2 £ 2 
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Tribe G. Stn-riz-®E^. Sporanf/fn 
diyrsal; the annultm in the form of 
a cap on the mmmit: dehi'^cmce 
vertical* 

Schizaea, Smith, 

Lygodium, Svjartz. 

Tribe 7. Osmund R iK. Sporantfen 
Rtnlked^ dorsal^ or arranged on pinna^ 
amtming aapiliedor panimdafr anpect 
fi'om the abmmce of parenchyma 
tween the n^im ; annulus incomplete^ 
dorsal ; dehiscence across the vertex. 
OsTiiunda, L, 

Todea, WUld. 


Tri>>e 8^ Mabatttk^. Spm'anges 
free^ closely packed in two rmcs or in 
a circle^ or soldered together so as to 
rescfnble a many-cclled capsulcj each 
cell openhig hy a pore; annidus none, 
Anf^opteris, Ilofm, 
Marattia, Stn. 

Dauzea, Sm. 

Tribe 0. OrHToni.ossE-*. Leaves 
not circinate ; sporanyes 2-vahrd, on 
the sides of a spike or scape^ which is 
mnple or branched ; annulus none. 
Opbioprlofssiim, L. 
Ik)trychiinn, Swai'tz. 


Structure and Life-history. — The Filicep or Ferns exhibit a far frreater 
variety of conditions than the llorst^tnils. Their most reniiirkahle 
character is tlie f^reat development of the loaves, the stein being: ropre- 
sented in most cases by rliizonios, n1thong:h in some of the exotic forms it 
becomes a real trunk, rising: above the ground in a uiaimor analogous to 
the trunks of Falms (fig. .*14, p. .‘IHJ. 

The rliizonios of the herbaceous kinds are subterranean, and j?rn\v 
cither horizontally or VMjrticnlly. Jn the former the inlernodes an* either 
developed or undeveloped ; wlien they are developed, the h*av('S arise 
singly fr<»m the ground, as in the common Brake-fern (Hms) and 7b/?/- 
podium valyare (tig. 41)^, a ) ; when the internodes are undev(*l(»]!ed, the 
leaves are tufted, which is always the case when the rhizome is erect, a.s 
in Athyrinni Fdlv-fwnmta ; and the arborescent kinds likewise exliibit 
the tufted growth of the lea\e» from a terminal biid, with little develop- 
ment of the iuternodes. The rhizomntous .Mtenih fn‘quentJy branch, in 
which case llu' stem hifurcati's, as in the LvcopcHliacrw. 

The lea ves of tin* F<!rna reseiiibkj those of the Plianerogramia in their es- 
sential structure ; they arc V(m y remarkable for their multifold compound 
form.s. The venation or ribbing exhibits a peculiarity, the raniificatiou 
of the veins in the lainimc being on a bifurcated plan (lig. 495, 7i, d)y and 
the subdivisions retaining an equal size. The leaves are also characterized 
by the circinate vernation (p. 74) wdiich is almost universal in the Order, 
the only exception being f(umd in the Ophioghssea*. 

The fructification or spoviferons apparatus of the Ferns is produced upon 
the leaves ; and it presents a great variety of modifications, which serve to 
characterize the principal siibdi visions <»f the Order. The spores are formed 
in spore-cases or sporanyes j little membranous sacs attached by ii pedicle 
to the lower surfac<» of tlie leaf (tig. 495, b, c, t, &c.), or to a kind (»f 
skeleton of the leaf in which the parenchyma is suppressed (o). These 
spore-cases differ iu some essential particulars of structure, in life mode of 
attachment, and in their relations to each other. 

In most of the Filices the spore-cases possess an annulus or ring 
(fig. 495, f), an incomplete rin^ of thickened cells running round the 
sac, and assistiDg, by its contraction \dien dir, to rupture the sac and set 
free the 8])ore8. In the PolypodiecB and other tribes it is vertical (tig. 
495, i) ; in tbo HymenophyUeee the ring is oblique and unconnected with 
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Organization of Fofiw;-«, plant of Folypod^tim milgare; ft, frutwnt of a pinna njth 
^ naked aoril c. vertical lection through one of the non. ehu wing the aicachnient of the 
iworanireH to the leaf; d, ixirtion of a mnnule of LanirtBa Filit’mva, the non covered 
with induaia; e, vertical leotion through a lorai of tlie Marne, Hhowine the attachment 
of the induiium and iporangei; /, vertUTal leeticm of,» cup limped imlumum and sonii 
nf Ouatkeui a. marinnal lorua ollfymenopkgllum; k, the lame, with one valve removed, 

to Hhow the attachment of thr " hu^-i.nir: Ir. 

iporange of jrgmantwMkMi; 
teutna : n, iporange of Oamunda ... ^ ^ 

Zunaria, with the iporai^ei bunt ; p, ipores of Fcrto. 


devoted*to the fructification and modified in form And texture. Tli© son 
are either naM (6, c), or covered by a membranous cover or itidwmm 
(d fi) the forma and modes of attachment of wliiefi furni.sh systematic 
chanujtors. In the Marattieae the spore>caaes ore usually more or lesa 
coherent together, so as to form a false compound raullilociiiar sporange. 
Luerssen states that the sporangia of MaratUaca® originate from a group 
of cells and not fr<im a single cell (trichome) as in other Ferns. In the 
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J£ifmenophyU»ai the sporau^os aro attached to little columns formed by 
the production of tlie ribs beyond the margiiiH of the loaves (j^, /i), bo^ 
<;omiujr at the same tiriifi enclosed in ciip-like receptacles formed frcnii 
the marjj:iuH of the leaf, in the Ophio^Iossea) a portion of the leaf is 
transformed into a simple or compound spike-like process, covered with 
iVee spore-cases destitute of a ring, and splitting regularly to discharge 
the spores (o). 

The ftporcH are simple cells of microscopic dimensions, furnished, liiio 
pollen-grains, with a double coat, the outer of which is generally similarly 
marked with papillfe, reticulations (/»), &c. 

The term “llowering’' fern is erroneously applied to those kinds in 
wliich the fertile leaves or lobes are destitute of parenchyma, and thus 
resemble siipertiidally the spadices of Phanorogaiuia, as Osmunda^ liotry- 
chium^ OphiotflmHimif <Jtc. 

The ai'borescont F<‘vns belong to the l*olypodu‘ai and (^yathem, and 
dider only in habit and dimensions from the more* familar fi)rnis. 

Ferns are sometimes ri'prodiiced by Inids, analogous 1o bulbils, lV»riin‘d 
on dilleront parts of their structure, and sometimes at the points of the 
leaves. 

I'lio spores of the Filices retain their germinating power longer, as a 
rule, than those of tlie haiuisetneete. They have usually a granulated ap- 
pearance, with a cuticubirized exospore. On germinating, the, c‘Xo.«spoie 
bursts, and the contents, already divided into several cells, ai*e protruded, 
and from it arises the protlia Ilium. TJie protballia of Ferns ditH*!* from 
those of the Fqni.setaeefc in being generally more regular in outline. They 
produce numerous root-hairs and a re self-supporting. The antheridia and 
archegonia naturally diller, though but slightly, from those of the Krpuse- 
tacom in form, but agree with them entirely in the details of function. 
The aiitln^ridia are situated on the margin or surface, and the archegonia 
on the surface of the protballia. They are momeciou.**, but show in some 
cases a tendency to be dia*eious. After the embryonic cell of the arche- 
goiiium has been fertilized by a spermutozoid, the asexual generation 
arises from it in a similar manner to that described as occurring in the 
3'lquisetaceflQ. An exception to this is to be found in the property of certain 
protballia of propagating the Uhcxtial pmoratioii in a 'purely vegetative 
maimer. 'I’lio protballia of Pirns rrritra were found by Mr.Farlow to do 
so without ever having been seen to produce archegonia. 

Attalttos, fte. — I'he Filices constitute a very large and natural group of 
Cryptogainous plants which ha%e no very close relations, as regards 
general structure ; but the Ophioylosscfr. seem to form a link between 
Osmmulvre and Lycojiodiaciw. A.s regards the physiokigical processes 
occurring in reproduction, this Oi’der must be classed with tlie Fquist*- 
taceo). There is, however, great diversity of habit in the vegetative body, 
which, a» a whole, may be expressed by saying that the leaf predominates 
in4he Ferns and the stems in the Horsetails. 

The Ophioglosseca depart impoi-tanlly from the general characters, both in 
their foliage and their reproductive organs j to the form of the latter there 
is an approach in Marattiem, and perh^s we may admit that the spdrauges 
of this Order are really like those of Lycopodiacem ; the development of 
the young spores appears to agree, however, with that of the Ferns and 
Equisetacess, which is on a totally different plan from that of Lycopodiem. 
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Tho Maraftic€P, by tbe absence of the anniiliis and the jrroupm^ of the 
sporangCM, appear to stand between the l*olypodie» and tho Opliio- 
glossufe. 

Blfltribatloii.— 'Tlie Ferns at present existing strongly resemble the fossil 
Ferns, many of which liave been preserved, even as to the dti tails of their 
structure, with wonderful perfection. Th(w were veiy abundant in the 
CArboniferous epoch, and traces are also mund in the Devonian, Tlie 
Ferns are universally^istributed — more abundantly,^ however, in daiup,^ 
mild climates, which favour the devolopmoiit of foliage, I'lie Kerns »)t 
tompcji’iito climates in the northern homisphoro are herbs ; in the islands 
of the tropics and the south temperate latitudes nrhoii3Scoiit forms occur 
Jinving tho habits of Palms. Onliioglossero are spariJJgly represented in 
]<hirupe and North America, \Vest Indies, at tho Capo, Tasmania, 
&c., but are most abundant in the Indian islands. 

Qualitlofl and Uses. — Some of them have active properties, astringent, 
anthelmintic, and emetic qualities, &c., but they are of little importimce ; 
tlie rhizijiiiea of Pteris and the stock of some arborescent kinds, 

allord a poor niitriiiieiit, used by the aborigines of tho South-Sea Islands 
and elsii where in tinnjs of scarcity. It need scarcidv be mentioned that 
this is the favourite Order of Oryptogauiia among cultivators of plants. 


L rCOFODIACEyE. Club-Mosses. 

TJifujnosis, — Asiwual Generation : Herbaceous plants with orecq)- 
ing stems branching inti bifurcating (dicliotomouH) manner, clothed 
wnh small, usually closely imbricate leaves traversed by oiks siinplij 
vaseular bundle. Tlie bnuiehing of the stem and root is entimly, 
or in a niodilied form, (lichotomous. The ftbro-vascular bundles of 
the stem contain several xyloju-bundles, surroumh'd and stqiarated 
from eacli other by phloem. Neither sU^m nor root ]K)sseHS an 
apical ceil. iTie sporangia arise in the axils or at tlie base of tluj 
leaves, and are larger than those of the Ferns ; the capsules are 
reiiiforiii (kiduey-shaped), and are placed at the end of short, 
stout stalks : they contain numerous spores similar to each other 
ill size and form, which is tetrahedral. — iSexual Generatwn : The 
prothallia arising from the spores are independently subsisting and 
monojcioiis. — Illustrative Genera: Lyco^odiwmy L. ; Psilotam, Sw.; 
PUyLloylossum, Kzc. ; Tmeniiiteris, Beruh. 

Straotare and Ufe-bistory. — The Lycopodiocem have slendor stems ( in 
the genus Lycopodium hard and woody), with an erect or creopiftg habit. 
The size and form of the leaves differ according to the species. They are 
always simple, unbraiicht d, sessile with slender basics, and arranged either 
spirally or in a verticillate manner, but sometimes in both ways on the 
same plant. Adveutitiou.s roots are usually given off at the forks of the 
stem. The stages in the reproduction of the Lycopodiacem are not well 
known. The germination of the spores of Lycopodtum has been seen and 
describ^ only by Professor de Bary, and the prothallia have been found 
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by Fankhauser with one of them already attached to the young spore- 
bearing generation. They possess root-hairs, and are self-supporting and 
monoecious. Antheridia containing numerous spermatozoids are formed 
abundantly on the upper surface of the prothalliiim, on which side the 
archegonia also are situated. Of the phases in the development of the 
ombryo nothing is known. 

AflBnltiea, Ae,— The immediate relations of this Order are with the 
Selaginellaceue. * 

Distribution. — The species of Lycopodium are widely difiiised through- 
»»ut the world, but are most abundant in warm countries. Five spefsies 
ore natives of Britain. VstihUmi is a native of the tropics of both nerni- 
spheres and of Australia. In former ages the species of this Order seem 
to. have attained much greater dimensions than they have at present. 
The fossil sttmis known as J^^pulodendron are like existing Tree Ferns, 
but their fructification is that of Jjycopods. They existed in such abun- 
dance in the Carboniferous times that some varieties of (?oal are stated 
to be almost entirely composed of their remains. Le2)idoHtrobn8 is the 
fruiting spike of some Lycopod. 

Qualitiefl and Uaet. — It is iissertod that some kinds of Lycopodium are 
poisonous. X. vhtcidum luis been used us an emetic. X. Srlayo and X. 
catharticum are purgatives ; the latter is very violent in its action. The 
powder known in ])harniaeiea as Lycopodium consists of the spores of a 
species of this genus. They are very inflammable, and are hence used 
for theatrical purposes ; and as they no not absorb water readily, they are 
used for covering the hands &c. when it is desired that they bo not 
wetted. 


Heries 2. Hetebospobia. 

Vascular Cryptogams producing spores of two kinds, macro- 
spores and niicrospores. Tho irnicrospores develop a female 
prothallium, which remains attached to the spore ; the microspores 
produce a rudimentary male prothallium, which remains attached 
to the spore and develops antheridia and antherozoids. 

In the three preceding Orders (Equisetacero, Filices, and Lycopodincem) 
tho prothallia arise from sjwires of one kind. In tho two folfowiiig Orders 
(Selaginellflcen) and Uhizocarpea>) (he female prothallia are produced by 
mucrosporeny and the male prothallia bv niicrospores. The prothallia are 
iilso ditteront in their nature. In the tlireo preceding Orders the prothal- 
Jium is self-supporting, and possesses completely tlie character of an 
independent plant. In tho two following Orders tho pn)thaliium is 
no longer an independent plant, since it is formed within the spore, and 
at no period breaks connexion with it. 

SELAGINELLACE^. 

Diagnosis, — Asexual Qeneratim : In Selcujimlla tho stem is thin, 
tliehotomously branched, bearing small heart-sbaped appressed 
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leaves arranged in four nearly vertical rows, and generally of two 
forms. In fsoetes the stem is perennial and corm-like, liaviiig the 
internodes suppressed. The leaves are spirally arranged in the 
form of n rosette, broadly inserted. The corni-like stem emits 
adventitious roots on the underside, but, owing to the dense roscitte 
of leaves, is invisible from above. The leaves are larger than iii 
Sehif/inella, and expanded into a kind of sheath at the base ; they 
are traversed by four longitudinal air-canals. In both Selnf/inclla 
and litoetes the leaves are simple, uubranched, pointecl, and 
traversed by one vascular bundle. Sporangia, which are placed 
oji the leaves in Isolites^ and on short stalks in their axils or above 
on the stems in Selaf/inella^ produce two kinds of spores — mcta'o- 
spores and microfipores. In Jsoetas the macrospores are numerous, 
in Sdayinella usually 4, sometimes 2 or H ; in both the microspores 
are numerous. — Sexual Genei'ation : The macrospores proiluce 
female, and the microspores male prothallia. — illustrative (ilenera : 
laocteSy Ji. ; Sela(jinella, Spring. 

structure sad LiHe-hlatory. — In the Selagmcllftcem, as has been eai<l, 
the mirresporei produce the male prothallia. The germination of the 
mieroapore is eflbcted by its dividing into a few cells, of which oini is 
sterile and the others produce spermatozoids. I’lie macrosj)ox’e8 produce 
the female protliallia by developing within themselves a mass of cells, 
w^hile the wdli <if the endosporc begins to increiise in thickness and sepa- 
rates into layers. Owing to the cell increase within, the exospore hursts, 
and after some time the wall of the endos])oro leaves uncovered lliat part 
of the prot hall i inn the function of which it is to produce the archegonia. 
Fertilization by means of the spennato/.oids takes place in the manner 
common to all Vascular Cryptogams, and the astixiuil generation aiiscs 
from the embiyonic cell. 

Affinities, Ad. — From the point of view of its vegetative structure this 
Ord(?r is closely related to the Lycopodiaceie, while it dilfers from it in 
the nature of its sexual reproduction, since in the Jjycopodiaceai tlio 
spores which produce the fejnalo and male protliallia arii of the same size 
and form, and in tlie tiehigiuellacea) macrospores produce female, and 
microspores mule prothallia. The Order agrees, on tlie other hand, more 
closely with the following Order ( Khizocarpete) in tlie production of 
macrospores and microspores, hut differs more widely from it in its 
vegetative structure. 

Diatrlbutlon, Qualltiea, Ao. — Selat/inoUee are delicate, and usually found 
climbing or creeping over low objects in damp and warm placea. The 
leoetes grow in the mUd at the bottom of pools. The conn is perennial 
and of a woody structure wlien old. They arc more generally difliised 
in the northern hemisphere, whereas the Salaffinefla occur in giwater 
abundance in worm climates. Neither have any recognized medicinal 
or economic properties. Many species of SdagimlUi are cultivated in 
greenhouses for the elegance of their foliage. 
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KHIZOCAEPB.4^:. 

Diarjaom. — /Ued'wil Generation: Small herbaceous plants float- 
ing oil the water, or rooting in the mud at the margins of pools, 

Fig. 4fKf. 



Bhizoea|;pt>a». 

SSulcinia n itiinM. A.wct'ton through thu pliiut. Bliowing the wborla of al>rial leaves/; at le 
the subntergeil leaves nre shown bearing/. I'he sporoearpH, nat. sise. J), longitudinal 
sectiun through three fertile teeth of a submergeil leaf, showing at n a sporoearp with 
ijiuerosporangia, and at i i two Mi)i)roeii,rt>s wiih luierosporungja : magnified. 

Marsi/ea futvatri.i C, sporoearp wdiith has burst in wat«‘r ami is protruding its gidatino,iis 
ring (Hansteiii). 1), the gelatinous ring : <7. iiiptured and extunded; «**, oouipartiuonts 
of ihu sporoearp; «cA, ooveriiig of the sporueurp. Jil, vompurtnient from a ri|ie sporo- 
oai).) : mi, microspui*ungia ; ma, macrosporungin. 

with regularly branching stems bearing two or more series of leaves 
circinate in vernation. Stem grows by an apical cell giving off 2 
or 3 scries of segments, aud the root by ont^ giving off 3 series. 
The spbrocarps are metamorphosed leaves containing in one or more 
chambers the sporangia, which spring from a central placenta, and 
boar one or more macrospores or iminerous (4 X 16) microspores. — 
JSexual Generation : The macrospores produce the female prothallia, 
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aud the microspores rudimentary male prothallia.- -illiwlrative 
(ienera; iSalvinia, Michel i ; Marsilea^ 1:1 . 

Struoture and Llfa-liiatory. — ^The sexual generation of the llhizo- 
carpefe strongly resembles that of the Selaginellacem. IL^re also the 
niicruspores produce the male prothallia. In Salvinia tliis is eifoctod by 
the protrusion from the microsporu of tubes, each of which diNule inti» 
two cells at the apex, the contents of which form each four speviiiato- 
zoids. lu Miirdlva and PUutaria the spermatozoids are formed within 
the iiiicrospore, thus : tirst eight cells aro formed, and then the contents 
of each produce four spermatozoids — 32 in all. The sperinuto/oids escapi^ 
throiigli a small funnel-like opening at one end of tlie microsporu. 
The female prothallia ar»> produced by the nnicrospores : they remain 
enclosed at lirst by the funnel at the apex of the inacrospores and are 
bounded on the underside by a diaphragm, which s(«parates it from a 
largo iutorcelluhir space within. The fuiiael at the apex then opiuis 
asunder, and the priitluLllliim is almost c^ntircly protruded by a bulging 
motion of the diaphragm ; on it are formed the archegonia, which alter 
fertilization by the spermatozoids, give rise to the asexual spore-beariug 
geiuu'ation. 

AMnitlOB, fto. — Tliia Order is closely related to the preceding one ( Sela- 
giuellactjui) in the nature of its reproduction, and to the Filicajs in its 
vegetative structure. — ^'fJie Uhizocuirpeie aro aquat ic or marsli plants, 'fhe 
geiims ISalvima is roproHented by rootless plums wJiieii are Ibinid floating 
tree in the water of stagnant pools ; the sulmierged loaves are linelv lacini- 
ated and resemble roots, but their segments bear sj>orocarpM (tig. 4^13 A, ^). 
The genu^ Marsilt^a with its allies, of which l^iluUtria is our only native 
example, is composed of herbtuteous plants, the sUnn f)f whi(5h is little 
developed and consists of a kind of rhizoim* giving off tufts of tilifonn 
adventitious roots on the underside and two or more series of leaves on 
the upper. They are found growing in the mud at tlie margins of pools. 

QualltleB and Usea^ — ^rhuy have no known medicinal or economic ]»rn- 
perties, unle.ss perhaps Marnilfa mlimfriv (the Nardoo id’ Australia), the 
spores of which arc said to have been eaten in cases of scarcity. 


Division n. MuscinesB. 

Cormophytal Cryptogams possessing imperfect vascular tissue only. 

The Musciru‘(e consist of the Mosses and Hopalicce, and resemble the 
Vascular Cryptogams in the fact that their life-Jiistory consists of two 
alteniating generations — asexual and an lusexual. Wiumlhe spore borne 
by the asexual generation germinates it produces the sexual generation. 
I'his is effected, indirectly m the case of the MosstJs and a few lf»!patica3, 
by the production of a protunema (a coufervoid prothallium), out of which 
the sexual generation arises, and directly in the other Ilepaticte. The 
sexual generation preponderates in the vegetative quality, and forms the 
plant commonly known as a Moss or a flepatic, as the asexual generation 
does in the Vascular Cryptogams. It bears the anthfridia ( male organs) 
aud the archegonia (female organs). From the fertilized central em- 
bryonic cell of the archegonium .there arises the asexual generation 



428 


SYSTEMATIC BOTAIIT. 


(sporogonium), which, in the course of its development, forms in an 
asfxuiii manner the spores, which in turn produce the sexual generation. 

W'lien we compare the life-history of the Muwsinete with tliat of Vas- 
ciilar Cryptogams we find both a strong resemblance and a contrast. The 
reseiiibluiice consists in this, that both follow the scheme of alternating 
gcnorations, one of which is endowed with sexuality and the other 
purely .‘isexual, so far as a process of impregnation is comjenied. How 
lar the so-called asexual generation of Cormophytal Cryptogams may be 
sexually iiiHiienced by the other is a question on which we cannot enter 
here. *Tlie contrast consists in the fact that whereas in the Mosses it is 


the sexual gi'ueration which preponderates in the vegetative quality while 
the asexual generation is the more transient one, in the Vaacular Crypto- 
gams it is tile opposite which is true. There ai’e, however, two cases, 
one on each side (AnfJioceros representing the MiisciueBB and Gymno- 
yraimm lept.ophyUa^ Desv., representing the Vascular CJryptogams), in 
which this rule is abandoned and the relations approach each other. Tn 
tlie Gymnoyntmnii^ it is the sexual gomTation (prothalliuin) which forms 
the more persistently vegetating plant, while tno growth of the asexual 
(spore-lH;ariiigJ generation scan^ely exceeds that ot the sporogoiiium of a 
moss. In Anthocero» the spoi*ogouium (asexual generation) shows a greater 
vegetative tendency than is usually the case in the by continu- 

ing to grow in the basal part and produce here new spores ai’ter those 
on the apical part anj already ripe. Theses are exceptional cases ; but since 
they occur in a perfectly normal manner they must be taken as consti- 
tuting a form ot alternation of generutifuis intermediate between and 


coimecting those occurring in Vascular Cryptogams and Musciuom. 

Jlotb Liverworts and Mosses p. 

produce anthei'idia and arche- i?ig. 

ytmia, either on the samt; plant ^ ^ 

or on distinct individuals, Th(*rt) XEX 
are minor diilerences of structure HH SB 

in the different groups of this pQ 

Orders, s(.»ine <if which may be -"f ^ 

brielly described. j 1®^ 

The (inthn'idia of the Tlepa- 'r P \^l I -0 

tied! (and with these agree the ^ Hfcc/ ^s\ W / JJl ^ 

same organs of Sphagr.aeeae) ai*e j® 'x M 

ellij)ticjil or globular ^acs (tig. ^ 

4i)/,c) formed of a single layer ^ Vv 

of cells ; they are foiuid im- ^ 1 \ / 

b('dded in the thalloid stem of N ( /a? ' / 

Iticcia^ TelUa, A:c., or in the sub- ^ 

stance of the (mole) receptacles ^ 

of Marchanita (p. 434), or on ' 

stalks arising from tlie frondose Anthendia nnd arobceonia &a of Hepatifaer: ct, 

stem in J^OSSOiHblomctj and in the aompfatia/ci, with young (arillnry) anthcridia and 
ftfilw of the leaves in the foli- (tenninal)an;hegonia.inagn. .'Uldiain.; ft.Tcrticai 

(llg. 4t)/ , m). The interior of the c, immature antheridium of Jladula eomplannta 
sac is filled with minute roundish ®<ytion), ma^. 250 diam. ; rf, apennato- 

cells, nt first coherent, but ulti- and two abortive furchegonia(p/» ), of 
mately free. These (the sperm- plmnata (vert, arction), magn. 100 diorn. 
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cells) escape by the nipture of the sac of the anflteridium, and oocli ►f 
them emits a 2-ciliatrtd spiral spermatozoid (fig. 497, d). 

In tht! Mosses the antmridia are larger and more elongated and evlin- 
dncal sacs, not stalked (fig. 498, h)\ they are found in the axils of ItMives, 
sometimes scattered, but more fraquently collf^cted in axillary or kirmiiial 
bud-liko structures (inflorescence^ either with tlie nicliegonin, or in 
a monoecious or dioecious condi- 


tion. The antheridial sacs are Fig. 408. 

filled with a tissue which is 

ultimately resolved into spenn- " 

cells f wliich are dischargi»d by Qf 

the bursting of the sac (tig. 408, qq mI 

A); and wlien these escap) (tig. /v:!v H? 

40H, (?) they in their turn emit an \ ^ 4m Pf / 
active, s])irally twisted, 2-ciliati?d jjff /V 

s^>ennatozoid [d). 'f? 

The anthendia and spermafo- nlj>m I \ 

zoids of Moss(?s may 1 m‘ readily fUlm \ 

ubf«'rv(?d in l\)lt/iric/tuiri com- Jjv/ ^ 

munCf tJie male plants of which /YmM ): h 

fnnii tlu'ir flowers ” {stoUvItc IjlW , S 

wmwM/jw(r) abundantly on every \\\^ ^ 

heath in spring. ( Ijjj/ ^ 

The arclteffonia arc veiy ranch ’ 1 

all ke in ITepaticre and M uaci, bein« 

fl Hsk^shfiTted eelhilnT pjisi's with ii. Anthcridium, Ardiof^oniuni. &c. of 

nasK snapea ctiiraar coses, ^ iin a ,>f Hrdioffonimn with aerm- 



1 i‘ 1* I !• tiful nertum rtf ttrdiofi^onium With tferm-i'i'IJ from 

long neck (ng. 4»l7, tig. 40H, magn. luo ditiiii.; A, liufhrt- 

a), found generally several to- rj*'"" <»f ■ ir4in« n> «Iih- 
gather, corumo„iy »t th. unci«, of S'Mi"": 

shoots, surrounded by modilu'd dmin. ; d, Hpi*' iiiuti)/.i>iiiN of the m tu*. iu-ikh. -ioo 

li««ves whieh riwoivn siiofiiil iitiirw fruit of i*Ai n» brifoiUes 

lLa\ 1 s, nicn 1( u 1\ O sp tlul section), e, calyiara. r, luuinulo, lanfri,. 

names (pp. 4dl, 43.1), forming a 4oaiani. 
kind of perianth. In Anlhwrros 

the archegoniura is formed in tin? .substance of the ihalloid stem. When 
mature tho archegonia exhibit in their basal cavity a f/erm-rorpusf'le (tig. 
407, b ; fig. 408, «), which is fertiliz«'d by the passage f»f spu*mat(»zfails 
down the canal of tho neck of the ‘fiask-shapea body. In any case this 
coi*puscle is converted into a ct*ll in one of the archegonia of a lh)wt;r, 
the rest remaining barren (fig. 497, p p). 

When the germinal cell is feitilized, it begins to grow by cell-division, 
and forms a cellular body wliich causi\s the expansion of the original wall 
of the archetjonium (fig. 407, e). After a time, this wall gives way, in 
the Mosses by a circumscissilo dehisceiico, so that tlie upp^r part is carri('d 
upwards (fig. 408, e, c), afterwards becoming the calyptra of the sp>ro- 
gonium (fig. 600), while tho lower part (tig. 408, v) remains as the 
vayinule (fig. 600, c). In the PIcpiKtkvB t^e sac of the arcliegonium is 
usually ruptured in the upp*r part,«^d there is no ciipslmp'd calyptra 
formea, the sac becoming ultimately the envelope, curn^<4p)nd^llg to the 
vagimde of Moss!38, here often called tho epiyone. tp. 43.‘1, fig. 601 ji, «). ’ 
1^0 central cellular body (tig. 497, c) uudergcjcs very remarkahlo 
changes: by degrees it exhibits cQf&rent strata and n'gions, and in tho 
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jnoflt porfect forms of this Class ultimately rist?8 out on a stalk-like process 
from the vajriniik^ (tig. 500, t*), and bc^comi'S a sporof/onium filled with 
spores (pp. 431, 433). 

rig. 400. 



Oermination of tho npores of a Mo^s (I'unarui hyfjrometrwa) ; c, Bjioro uprontingj ^ more 
atlTani’ed, and the Amt cell divided ; a and b, riaHcent leaf-buds on the confenroid proto- 
nenifk Mngn. 200 dinm. 

The mode of development of the spores, which are simple cells with a 
doiihlc coat, or a proper cell-meiiibraiie covered by a distinct cuticvJar 
layer, is briefly us follows : — In the cellular rudiment of the capsule con- 
centric layers of the parenchyma become diflerently metamorphosed: the 
outer layers from the walls of the capsule and the sporangia! membrane 
below, continuous with the jjeiHstome (p. d31) above j the central mass 
(in Mosses) is developed into the columella,* the intermediate layers, 
which produce the spores, after multiplying to a certain extent, form free 
cells from the whole contents of each cell ; the walls of the original or 
parent cells dissolve, and a cavity is formed, in which the free cells 
(parent cells of the spores) lie loose. These cells become divided into 
four chambers by septa ; and each of these chambers (special parent cells 
of the spores) produces a single free cell fi*om its whole contents. The 
last-forinod colls, set free by tlie solution of their mother cells, are the 
spore-cells, which when ripe are found coated with a cuticular layer, 
often more or less marked with points or reticulations, like pollen- 
gi'ai{i8. 

In the subsequent history, another kind of propagation takes place. 
When the spores germinate, they produce a confervoid structure (pro~ 
toncma, fig. 400), from different cells of which are produced a number of 
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buds (a, 5), eacli of which grows up into a new loafy stem, forming a 
tufted group of plants, which after a time fructify again by antfi^ridia and 
archegonia. 


MUSCI. Mosses. 


Diagnosis.-— Seximl Generation : Plants of a diffused or creep- 
ing habit, terrestrial or aquatic, with imbricated leaves arranged iii 
from two to four rows, and branching in a moiiopodial manner. 


The stems are slender and eon- 
tain no true vascular tissue. 
A true root is absent, but its 
functions are ])errormed by 
root-hairs. The sejcual genera- 
tion ari8(is as a lateral shoot 
from a protonenia produced by 
the asexual spore on germina- 
tiop. Tt bears the antheridia 
and arehegoiiia — the former 
stalked and the latt4^r sessile on 
a narrow base. The AavA'ual 
(reneration or uporof/oniuot 
arises from the embryonic cell 
of the arehegoninm afltir fer- 
tilizatiou by an antbcrezoitl. 
Its first stage of development 
is passed in the calyjdra, 
whicm, on being ruptured at 
the vaginula, is carried up on 
the apex, where the ca])sii]c 
which produces the spores is 


Fig. 600. 



Or^jiini?' n of MnPi^rH A. J^ih/frickuni 
nufiiml Hizi />. iiH r>.npHiili> with opi'rfuliim tn 
ftta, iiiid ,)tra (tl) (Ictuchftl ; c, thi* bujii' of 
till* Hftii, wilh thi ^inuli*; e, capHulu, with 
p(‘nHt e. und, e\ ii Hpction of the* Hninc, Mhow- 
inj; thi rciliiinidlri ; y*, the operunhitu of «; A, 
tiM-th of thi* perjcloiiii*, from the mouth of «; i, 
HiKireH, on the snme senle of amplifleution hm h. 


formed (figs. 497, 498, 600). Within the capsule is a st<*rile mass 
of tissue called the columella. The epidermis (»f the capsule splits 
to permit the escape of the spores. — ^Illustrative Suborders : Jirya^ 
Sphagnacem, Andrceacece, 


In the Bbyaceab the leaves are small and scale-like and usually spirnlly 
arranged. The plants are of a caespitose or diffused creeping habit. The 
antheridia and archegonia are produced either in terminal buds or in the 
axils of leaves. From the archegonium, the outer part of which is a fiask- 
shapod sac, arises the sporogonium, which in its growth tears away the 
wall of the archegonium, leaving the base as a kind of collar {vagmida, 
tig. 500, c), and carrying away the upper part, which becomes more deve- 
loped as a cap or hood {calypira^ d); this more or less encloHes the um- 
shaped capsule {h) until it is mature (fig. 600, A) ; the stalk of the sporo- 
gonium is called the seta. When the calyptra falls off it expo.ses the 
cap.sule, w^hich in most cases has a deciduous lid {operculum^f)*, when 
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the lid falls off, the border of the mouth of the capsule is found either 
naked or furnished with a singple or double friugfe of teeth (peristome^ c^h)\ 
and a circular piece, called the anmdm^ sometimes separates from the end 
of the columella in this place. The number of teeth in the peristome is 
either four or some multiple of that number. In the capsule of Mosses is 
to be found a columella or stalk-lilm mass of tissue runninfr up the centre 
(c'). Ill the VliametB an oporculum is absent, and the spores escape on the 
decay of the capsule. It dillcrs slightly in its f^elierol structure from other 
Br\jac.e(B. — Illustrative Genera: Ehr. ; TetraphM, 

lledw. ; Splnchnunif. L. ; Dicramim^ Iledw. ; Tnchostomiimy Hed w. ; En- 
cabfptOy II(*dw. ; Bryuniy L. ; BaHramWy Hedw. ; Funanuy Hedw. ; Po/y- 
trichuniy L. ; Kypnumy L. ; Fontinalisy L. 

Sphagna ce consist of the .species < )f one pfen us, Sphagnum, The plants 
are aquatic, and are commonly known as “liof^^-mosses.” They are of a pecu- 
liar yellowish-j^reen aspect, with imbricate (o-rowed) leaves and fasciculate 
hranches, tlie lower or which ate Ion;? and dehexed. This genus differs 
very much from the Brgacetp in habit and in the structure of its leaves. 
The cliloropliyll-coiitaining ctdls of the leaves are slender and elongated ; 
in the interstices arc large «mipty cells, the walls of which are strenirtheiied 
by a spiral fibre. This structure cau.ses tlu^ whitish or yellowi.sh-greion 
colour peculiar to them and to a few similarly organized Mosses. The 
aniheridla are globose stalked bodies and resemble those of Hepaticep 
more than those of Mosses. The aporcigonium posscsR(‘.s a short turbinate 
seta, and a capsule wliich dehisco.^ by an opemulum, and is destitute of a 
peristome ; the columella i# short and does not reach the apex. A pecu- 
liarity of the asexual generation is the existence of sporogonia bearing 
spores of a smaller size than the ordinary lai'ge spores. This Order is 
romarluihle for the share it lakes in covering bogs and gradually furnishing 
material for peat, the lower j)nrts of the stems gradually dyin<? away below 
while the siiiiiiiiit ascends ; the deseendiug lowi*r brandies of the fascicles 
bind the wliole into a compact mass. They abound in cold and temperate 
climates in boggy places, furnishing an article of food to animals, ana even 
to man iti northern regions. 

ANDiLEACKiE are cfespitose Mosses with erect stems and imbricate 
leaves, and are natives of mountains and polar latitudes. Tlie sporogonium 
has constantly a terminal position on the stems of the sexual plants and. 
is destitute of a seta. The capsule is sessile on the receptacle whore the 
vagintfla arises and hur.sta vertically into four valves, which remain con- 
nected at the apex. A columella is present. In Acrochisniay a genus 
from the Antarctic regions, the valves separate only halfway down, as in 
the Phascea {lirgncet^y in which ArcMaiumy like "AndreeUy does not ele- 
vate the capsule on a seta, but carries up the calyptra simply by tlie ex- 
pansion of the capsule. In the 4-valved dehiscencj it agrees with the 
Jungormamiiacffp (lltpaticai ), — Illuatrative Genera : Andrata^ Ehr., and 
AcrochismUy Hook. til. 
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Tlie Scftlo-niosst's aro minute creepiuj? plants with small, prreon, col» 
lular (seale-lilio) leaves, imbricately «rrun; 4 :e‘il ahnifr the axis in 
rows, often with a row of imperfect leaves {amphiffadria^ fig. oOl, d) 
(01 the underside j or with the stem tlmiloid, i.e. foririiiig- a lohcd leaf- 
like mass. The spuran^a have oval cap'iiiles breaking* throiigli the 
suinniit of the calyptra, raised on* a tliread-like seta, and splitting ver- 
ticnlly^when ripe into 4 valves, which separate more or less widely into 
the fomi of a cross (fig. /iOl, llj, scattering spores inked with elaters, 
d<‘stilute of a columella. 

The .liingi'iiniinnieKi (or foliace >us llepalicm) have slender raniitied 
crewing stems like thoseorhviiiiclit‘d 

Mosses, bi'ing more delicate, with Pig. 501. 

leaves imbricated in a di^tiehoiis ^ 

inaiiuer, so as to give a (lalteia'd 
c'liaracter to the braneln^.s (lig. oOl, 

15, The cm//n'r/V//VMnul r//Y7/rr//<- ( " 

ao/are produced on tlit‘se stems ; and T 

from the lattevaied'*velo]K‘d the 7 ^/- ^ • ‘ ti * j* 

nnjoniu, whicli are surrouialed at B M L 

the base by m« »dili<*d parichfditil and 

periyoniid leaves and by a ntf/initifi A 

(tig. 501, II, ^/), wliieli dilVer'* from 

tliat of the Mouses in being ihe 1 * 11 - v 

tire sac of the archegoniiini, no /y 

hooded calyptra being carried up in ^ 

the .lung.'rmannb'je. 'i'he aujimile ^ 

is somelinies calbul vahjptm^ and 

sometimes ephj<mo\ the circle of c 

leaves, often omniieiit, surroimding 

it forill the pvrufoW'j pi-nuntk, or Orpini/a*ion of Jrn,;r«'rrrmntii.*;e:- llvtnhi 
invnhivvl\ and tllC'^e are surrounded rontplmata yih un miDjH iumI uml a burnt 
by tbo pe,M.d 

tuanj or tm'oliwrp. I be capsnlt*s are of tin* l»*afv 'ilrm of jHw/rnnannvt uiii/tromt, 
geiiftralJv elevated on tlireid-like hho«iri;,MjiL- clisii.h.ms jirrunffriurnt of th 
stalks (tfc/rc), and when iiiatii re split 

nt*arly or qnito to the base* into four teeth (fig. 50 1, /;), wdiich spread out 
iiiore or less, nndsi't fr»?e Ihe spffres and Waters {r). Tliere is no eolnmella. 

The genera of this Order, formed fiut of the old genus 
present a considerable variety of conditioiuii, both as r'-gards th»*ir vegi*- 
tative structure, which is cither froiulo^e or foliaceous, and tin* minute 
details of tlie org mizatiori of the cnhfpira (c/aV/o/zc), with the inmlavd 
(pcriftiith or penr/one) and the mDoliicrtf {pirichfetiiim) whirdi surround 
it. We have here a higher condition of the vegetativi* orgari-j, nearer 
t hat of Mosses. The Jungennannicie are found in slnidy w.iods and moist 
situations throughout all regions of the globe, and jive most ubiindant in 
damg tropical woods. They have no iin))ortaat rpnilitic's. 

The Anthocruotejb are distinguished from the frondose forms of Jim- 
germannieaB by the absence of au iiivolucel {porlyonc). Tiie anfheridia 

*2 F 
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und arcJirf/onia ar<^ produced in (*a\ilic8 excavated in the lhalloid stem ; 
and from the arche^nniiim springs a thread-like or pud-likt* vaptiih, which 
splits down loiigitudijiully into two valves when ripe, and displays a 
(U'utral cnliwieUUf and lias both spores and imperfect platers . — Illustrative 
(Tenerii: Itudd ; Mich. ; J'rM///i?iia, Noes j Tnchocolea, 

Nees ; Oeoctilpjr, Nees j and Jam/ermanniu, Dill. 


h’ig. rm. 


Tlic MAuriTANTiK.T:, or Liverworts, are Tnimite green plants, with 
a stem in the form of a loI)ed, leaf-like, cellular expansion, rooting by 
capillary Hlamciits below, with an indistinct midril); the sporogonia d«j- 
pi'iidiiig from the underside of a capitate or radiate receptucli! supported 
on a stalk arising from the apex, on the under surface, of tlie lohes of the 
Iroiid : tlic capsules bursting by teeth or Ly irregular iissures, coutaiiiiiig 
I'latcrs mixed with the spiives, hut uo columella. 

Tlie Thalloid ilepatica* ha%e a broad, more 
or less succulent, hdjed, Icaf-like ex]ui isioii in 
place of stem and leaf (lig. d02); tliis is to be 
rt‘g.irded as a foliiiceously developed stem amilo- 
g-ous to that of Lemna among tlui rhanoroganiia. 

'I'he siioi’ogoiiia borne by the thalloid forms are 
very \aried: lh(3 Prl/iefe, or frond o’-o Jiingerman- 
iiiea), bear (rapsuhn like tliose just dt'seribed, but 
arising from the midrib.-, of the thalloid stem; the 
Aiiilioceroteic, Uiccioic, and .Marchautioiu are very 
din’enmt. 

'Hk' thalloiil (‘xpan.sion of tho Marchantiea* 
s'lid.s up stalk-like processes Irom its marginal 
sinus»*s (fig. CiO'Jf A), tormimiting in simphi or 
divideil cap-shaped l)odio.s {tnrpt (teles), on the 
undersidt' of which arc found the areher/onini tlie 
antheridia are in distinct heads; the arclu'gouin 
dcvtdop into the cap.-^uli'S of the sporogonin (/>), 
wliicli usually bur.'it at tlu' n]»e\ (c) into lour teeth, 
sometiul^^s into eight; in certain genera ii liil sepa- Or(;:iiiisi:Ui(m nf Marihnn- 
r.il. « by traii>.yerso drliiscenc.!, uiul in others the 
cnp.'^iile bursts irregularlv ; the capsule bius7w>ce/*«- " 

mella, aii<l it.s spores «re mixed with elaters (d). 

'I’he .Marrhanliea* produce cellular bulbils or 
gemmaj. These arc especially reiiiarkabh? in some 
of tlio thalloid forms, ns in Marchuntia, when* 
tliey are developed in gi'uups in special cup-like 
recei)ln<*les. 



lymorphn , hi-ariiifr u rewp- 
of fruil. ; ft, vertioul 
Hi'ction of the ri'Ct’ptuolo, 
showing tho Hporiiiigcs on 
lU under mirfneo ; a. spo- 
rang© tuirating, with its 
vagimilc and ))crigonc laid 
o^H-n ; rf, and ©later, 

highly muguided. 


The Marchantieie giw in damp shady situn lions in nil clinmtos. IlJus- 

ilive Genera: Fetjatella, lladd ; Lehiu. j fnidMarchantiu, 


tralive 

March. 


The Ricciack.ic arc inconspicuous Mnrc?ia7itiaAWui Liverworts, growing 
in mud or floating on water, linving a delicate cellular leaf-likt* “ frond’’ 
witli the sporogonin, without an iiivolucel or involucre, immersed in or 
seisile on the frond, bursting irregularly, and containing no elaters. Thti 
antheridia and nrehegonia are also imbedded in the substance of the 
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tlittlloid st€!m. From Anthocerotem they differ in the nhsonce of a 
coliimolla and of rudimentary elatera. They are intcTe.^liii}? as exhihitintr 
the Jowost type of oi jrauizatiou in the Class to which they beloiijr. I'hey 
lire ‘n»nerally diffused, comprising 8 genera, with about 28 species. Genera : 
liicduy Mich. ; Dunocay 13. and Mont. ^ SphcerocarpuSy Mich. 


Class U. THALLOrilYTA. 

Definition. — Crvptogainous plants producing in vpgotatioii a 
thalliis, prcaiuiting no opposition of ascending and descending axis, 
nor contrast, of stem and loaf; aiitherozoids iKiver spiral; i*epro- 
diiced by spores which are produced in parent cells, either forming 
part of the vi'getating thallus or growing upon the surface of defi- 
nite regions of the thallus devoted to reproduction. Spores not 
producing a prothalliuin, but re])rodiieing the plant immediately. 

'Pheso phiiitrt correspond to the 'Phallogtuis of most authors ; their prin- 
cipal points of di.sliiiclion from Oovmophyliil Crypt ogams are above given. 
Tlie vegetative structures of the plants t»f this group, which form their 
piinci)ad bond of connexion one with imotlier, and th(*ir mo^t ntriking cho- 
riietiT of distinction from the higher plants, ]>resent a gi*cat variety of 
conditions within their own limits. Tiic; thallus is a piiiely cellular ex- 
pansion, presenting no contrast of parts analogous to that between the 
axis (stem) and the appendages (leaves and their modifie.ations), which 
exists in the higher plants; hence they an* neiM'ssarily devoid of true buds. 
A special regularity, however, and a deleriijinale direction of grow’th are 
manifested moie or* less clearly in all oases, giving definite and character- 
istic forms to tlic thallus, 'J'his is the case even when tlui thallus is reduced 
to the eoiuiitioii of microscopic filiimculs, which elongate and spread in 
determinate directions. Tin? thallus is exc'lnsively ci »m posed of cellniar 
tissue ; and its more minute tliff**renees in the various classes atid families 
of tins division of the ^^•gclable Kingdom rerniire microscopic inves- 
tigation; blit certain broad distinctions may bo laid down, siitlicient for 
the gimeral discrimiiiaiion of the classes in the more perfect, forms. Th(i 
lower forma of the tw'o classes of I'hullopliyta approach very closely in 
their characters, on lu-coiinl of their {^eat rimpiiiil.y of organization, 
which excludes the possibility of many ditterenlial characters. 


Division 1. Algaa. 

Gymnosporous Cryptogams living in water or in damp places 
exposed to the light, extremely variable in size, fonn, colour, 
and texture, free or attached by root-like organs, sometimes uni- 
cellular, at other times having a branched pseudo-stem and leaf-like 
appendages, sometimes of large size, but cxclusividy cellular in 
structure and destitute of stomata. Plants multiplied by subdivi- 
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Hion of cells or by the formation of “ zoospores.” Keprocliiction 
or fonnatiou of spores efTeeted the aiitherf)Z()ids emitted from 
the anthcridiii, eitlier on the same plant (moiueelous) or on different 
ones (dimcious). Spores motionless, solitary, or in groups of four 
in a single sporange. 

Genoral Remarks. -The moat familiar examples of Ihia Claae are tlio 
Sea\vot‘ds ; but it also iiicludea a great nunihur of plants found in fresh 
water and in damp situations, many of which are ultogellier of micro- 
scopic diniensiojis, and invisible, except in quantity, to tlie naked (•} <*. 

Fig. 503. 



— -A. Omcitlatariu aiitumualin: tr, llluiuent t'seaped from the slieatli, 6 (ma^. 300 dia* 
niftors). B. J)e»iiiidiea': a, reJiuntrum Bortfumtm : b, Cosnutntim murffdrUiferum (200 
diHni.); e, Clonleriuin Ltinula (SOdiam.); d/Chutirriiim uverMum in conjuKation, ivitli the 
roMuIiing Hpore (200diHm ). C. Viatotnavcii". a, Viulmnu vu!gnu\\ b, end view uf ii cell 
(200 (liiirn.). 1). Volvocinea : Pandorina Monim (ItU diuni.)* ' E. Boirydfum gramtluium 

(15 diiun.)* 

The lowest forms, the Palmvllefej consist of simple cells, of most varied 
sliapesp usually found connected togethen* in definite or indefinite masses 
hv gelatinous excretion or nrodurls of tlie decoinprisition of the older 
cells (tigs. 504, 51 2, 3^, «). The individual cells, each often representing a 
distinct plant, are characterized by a wonderful diversity and, in certain 
families, beauty of form, as in the and DiatomacecB (fig. 503, B, 

0 ) ; sometimes, as in the Volvocineje, they are provided with vihratile 
cilin, and exhibit an active spontaneous motion (tig. 503, 1)). As a rule 
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their eolour w an im])ortnnt exception to this bninn; formed by the 

Diatomncocp., wliicli liiive another special peculiarity in the existence of a 
siliceous deposit in their walls, which remains as aii indcstructible skoloton 
after th(! decay of the organic matter of the plants. Some of these lower 
Al}?ie lire found of rod C(dour; but in many cases, at least, this colour is 
only cliiiracjteristic of certain stapres of growth of kinds which are grtien 
wJj(*n vegetating actively. It is very probable that most of these so-called 
uni cell Liiar or pseiido-uiiicellular Algie are really not independent organ- 
isms, blit sta; 4 es of gnnytli of some other plant, perhaps of much highm* 
structure. Thu.s there is reason to think that those unicellular bodies 
may not only be stagi^s in the development of Liclions, but even of Mosses. 
Oiu* reiniirkable point in tlieir history is the length of time they pcr8i.st 
iineJiiinged. 

A ste]) forward in complexity of organization is made in the iilaincntous 
Algie, i5oniposed of cylindrical cells attached end to end, and thus forming 
long jointed tubi'S, either simple or moro or less brsiicbed (lig. /il2, 
p. tlio (yonlbrvoiiK'ro and their allies, the “ silk-weeds ” of fresli- 


Fig. />04. 



Vnhnvlht crvfintax «, «las^ of with RinRlc* ecu'?, Hurm* ilivulins; into two ; A di'ta« lii*«t 
ci'llB aiul granuli’H; c, cells treated with aulphurio acid and iodine, uhowinK the cellular and 
t;rnaulur contuntB. 

water pools, aHbrd familiar examples of this slructiire ; those grow at the 
extremity of the lilanieuts, or interstitiully by all the joints elongating 
simultaneously. 

'riie Ulvva' have a thallns where gi’owtli in breadth is added to tliat in 
Imigth ; some of them also aofpiiro a certain thiHine-*s; in this wav they 
bi'come leal-lilfe i\\pnnsion^, of inembranons texture. They grow by ad- 
ditions all round the margins of the anterior part, often lobed or divided, 
blit of homogeneous tissue throughout: the form and dimensions of the 
tbalhis become more or less definite licre ; the colour is mostly green, as 
ill the Coiifervoideie. 

The Ked Seaweeds or Khodospemicio exhibit almost every jins^ible 
form between that of the branched filamentous thnllusand that<»f a highly 
compound or dissected leaf (fig.510, p.-117j or a shrub-like collect ion of firm 
branches; and, moreover, the texture of the thallus varies from asimj-ly 
membranous to a cartilaginous or even horny substance, bvj?roatt»r 

devolopmoiit of the cellular tissue, which in the higher kinds exhibits a 
distinction between the cortical or epidermal layer and the internal spongy 
parenchyma. The Corallines, which belong to this group, ncauirc a stony 
character from the depotitiou of carbonate of lime in their cellular tissue. 
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The colours vary in this Order; they are red, purple, brown, olive, &c., 
hut never pure preen, like the Confcrvoids. 

The Olive-coloured Seaweeds, includinp the Fucacese Cof which the 

Jlladder-wrnck is the oonimoneHt example), and others of very dilFuront 
organization, the l'lia?os])t)reai nnd IHctyotacene, exhibit n similar prnda- 
tion of form in tfio thallus. The lower forms of riimosporore pre^^ent 
tufts of branched filaments ; the hipher forms of those, and the Fucaeete, 
have thick leaf-like or stem-like fronds of firm texture and sometimes 
enormous dimensions ; many of them have a shrubby habit of prowtli, 
and nitach themselves to fttonea See. by discoid or branched expansiema 
from the base, resemblinp supoHiciallv the roots of the hipher plants, but 
havinp no similar function or nnaloinicnl chnraclcu*. The thallus of llu* 
lai’per forms is hiphly developed ns to its tissues, havinp a distinct corticid 
layer; but the structure is strictly cellular, without a trace of woody fibre 
or vascular elements. Tbe colour is heie nsually olive, brown, or some 
dull tint of preon-brown ; nt'ver bripbt piven, as in the Confervoicla. 

Vef/efafirp repritthicimn assumes a very important place in the niulti- 
plicaiion of nil Thnllophyta. Thronphout the Alpje it is a constant phe- 
nomenon, and one illustratiiip very beaut i fully the ]d»ysiolnpicnl honiope- 
neityof llu* thallus. Tlie lowest forms multiplybvdividiup into a number 
of cells or s(‘puM*nts whieli pi*ow up to the dimensions of the parted ; this 
occurs as the ordinary mode of prowlli, here confounded with rc'prodiiction, 
in the PnhneUvfP (fips. C()4, /51 2, B, «r, />), DeamitHvfPy l)iafom(ivva' ( lip. />()•{), 
iS:c. But ariotluT still nore remarkable form of vepetative reproduction 
extends from these up to the hiphest Alpm, namely the reproduction hy 
zoospores. I'liis consists in the conversion of the HemiHiiid contents of In- 
dividual colls (the eii(hichrome) into distinct corpusch‘s, and the expulsion 
of these from the thallus by the hurst i up of the parent cell-inembrano 
(tip. r>()0, /)00, 512, Cf (1 ) ; these corpuscles are filled with prcicn or olive- 
coloured matter, except at one end, which is provided with cilia nnd is 
sometimes spoken of as the “ rostruin.^^ The cilia are excessively minute, 
and vary in number in diflerent penera; sometimes the -whole surface of 
the zoospore is covered by them. These* zoospores are usimlly eniitteel at 
a fixed hour in the niorninp, as the result of an endnsmotic action wdiich 
cause's the* ce*ll-wnll to burst and set fre*e the zoospores. Soine*times before 
their libe*raliou tli(?y are set'u to conprepate in one portion of tlu* cell, and, 
as it wi*re, to strike apuinst the roll-wall nnd cause its rupture. Tlu'ir 
activity at*eins to be diree-tly de^penelent on the infliumce' of lipUt. After 
ineiviiipspe)ntaneoualy feir some time, the zoospores loso their cilia, be*cfmio 
emeysted, and prow up ink) ne'W fhalli. In Bofn/dinm and Acetahthria 
eonjupatiou of the zoospores lias b»a*ri recently observed. In some* Alpno, 
inoree)ver, there are tw’o sorts of zeiospores — larpe ones, called mnerozoo- 
.<poreSf and smaller ones, called mirrozoosporcs. l*rinpsheim even describes 
a form of zoospore which has the faculty of remaininp dormant for long 
periods, and even of resistinp desiccation for several months, at the expira- 
tion of w^hicli time, if circumstances he favourable, it pomiinates and forms 
a new plant. To such zoospores the name of vhronizoospore has been pivem. 
The formation of zoospores may take place in any or all of the cells of the 
thallus of the filamentous and folinceous Conferv'oids ; it occurs in certain 
definite parts of the thallus of the Phteosport'te, where there is a difference 
in tlu* constituent tissues. It has not been observed in tbe Red Seaxveeds 
or the Dictyotocero — whore, how ever, a disliuct kind of organ is found, 
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called a tetriiRporc ffijr. 510, c), which appears to be the representative of 
^emmipiirous reprocliiclion, — nor in Fucacoio, where the only Ituown kind 
of reproduction is by sexual orj^ans. 

IStiA'ual rvproduction has been made out clearly in Alfrje belonjrinjLf 
to the Confervoid and Fiicaceoiis groups, and in the l»hodo-])eriin*;i‘. 
The Phi'oosporeic at pivstjut are only kin)\vn to prodiu^e zmapinm. 'riw 
essential phenomenon throughout is the omi.ssion I'roin an ttnifnridiinn 
of nntherozoids which are endowed witl) a power of L)(;oinotuni, and 
ultimately come into contact with a cell, Avliich, in coiise<pieju*e, de\eh»p.s 
into a s])ore, which may be one of the ordinary cells of the thalliis t-et 
apart for iliis purpose, or may l)e contaiiuHl in a special triiit. 

Ill the Confervoid^ne, where the spoj'es arij developed from ordinary 
cells, there are no special re productive organs; the spores formcjl in the 
impregnated cells acquire thick coats (fig. f/), iisiially assume a red or 
brown colour, and an* set free by the decay of the parc'iit cell. 

In tho Fucaceje tlie fructitication is limiti'd to di‘liinte parts of the 
thullus. In Fuvua or Jlnitdipn (tig. oil ), which may be taken as e\- 
amplos, the reproductive structures are formed at the ends of the l(»bes 
of the thallus. J^xteriially the lobe ((tailed the rcceptavlr) jiresimts a 
thickened appearance, marked with num<‘rons distinet orilices (tig. 511) ; 
these oritices lead to chambers imbedded in the thickness of the tluillus 
(called cont'epi(wU"<j A), bearing on their wfdls cellular sata of two kinds - 
one, the larger {tipon-mca^ r), confainiutr the spore-germs, the smaller 
[antJun'idiny c) containing sprnnatozoids {d) or impregnating corpusclu's ; 
both kinds of sacs l/urst and discharge their contents wlien ripe, and 
the spores are fertilized and encysted whih^ swimming freely in llie 
wat»*r. 

'riie llhodospermene and Dictj'otacea?, besides frfrnsjKiros, have spore- 
sacs and anfhvridia^ mostly collected in fruits” of d<‘linite form, some- 
times in patelies or lines (.sori) on the surface of the thrilliis, like the, sovi 
of Firms, soniel, lines imhc'dded in definite groups in its substaiico (calleil 
farelU(‘)i sometimes pioje<*ling iiiori? or less from the surfaci* or margins 
of the thallus (tig. 510, I>, d, F), when they are naked or surrounded by 
a gelatinous or cup-like involucre (forelliduty vovcidia^ arnmidia), Tim 
nniheMia are usually found arranged in groups in similar situations 
(fig. 510, F, rt); and the ietrasporrs are. fitlier scattered or collfreied in 
fruits analogous to those containing the spores and aiithmidia (lig. 510, 
J5, c). The autherozoids are iunnobile, and fertilize l)je s])oninge l»y 
means of a special tiibir projecting from the latter and called the /';•/>//«- 
fppie. Transibrmed braiicljes containing imbedded tetruspores are called 
stiahidia. TJie sexual organs are often found on distinct plants, wliieli are 
thus dioecious. 

The OscillatoriacenD arc at present only knowm to increase by divi'sion 
— that is, vegeiatively ; the Phajoaporeae, again, aife only known to 
propagate by libiiration of zoospores from special adls of the* thallus. 
The Dictyotaceffi and the HhoaospormeiC produce a peculiar kind of 
vegetative offset imlled a tvtrcMporey a body formed mostly in special loca- 
lities or in groups, and consisting of a parent cell di\ided‘ into four cham- 
bers, the contents of whicli, when set free from tho parent plant, grow 
np at once into a new thallus. Besides the.tetraspores, they nave spores 
and antheridia. Tho antheridia produce minub*, ultimately free vesicles, 
spennatozuids or anther ozoidsy according to Thuret devoid of cilia and 
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uiotioiiless ; DcvhcM, however, iinserts that lie; has observed them moviuj^ 
lihi* niidoiibted Bp*rmatozoi<l.s. The anthtridin ai’e j»eu4Tally found in 
distinct plants from the and the in a third series of forms 

of the same speeit's. 

\\’Jior»^ the s(‘xu}ility of tlie, Algm has been ascertained, we meet with 
th(» prneesh of fecnudiitioii under three difterent forms, and these forms in 
subordinate inoditicatious. 'Phe throe forma of the procesa are : — Conju- 
or complete union of a sperin-ctdl and a germ-cell, origimillv 
undistingnialuiblo from oacdi other by visible structure, occurring in Dia- 
toinace.'o and sonn^ Confervoidem ; Fevundatum of Vftked (/(rm^rorfniscfes 
hi/ ciliated ftpennaloznidsj which in the Confervoidj'Oi occurs within the 
])nreni (•••11 of the spore, and in Kucacjete alter both the germ-coi'puschi 
ami the s|)(‘rmatozoids ha\e he«*n cast off by the partmt; and Fecfwdnfimi 
of naked ijenii-veLla hi/ 7aotioidesH oooid or fjlohutnr Hpernia/ozoida th'intf/h 
the iHcdiifin of a s/terial lube or trichoi/i/ae, an in Ikhudosperjnoro. The 
importance ol' thesis plumonmnn to the Avlioh; theory of re])roductioii in 
plants renders it necessary to give a particidar account of the processes as 
occurring in certain well-asctn lained cases. 

Conjugation. — 1 n I lijitonniccni (including the Dintomeee and DeHmidiefe)^ 
the ordinary mode (d* luidliplication of the plants is \eg(itative pmpaga- 
tinn, hi/ division, resulting eillier in the fovmalion of connected “ families ” 
of ci'lls (fig. oO.'l, C) or of an increased number of separate c(dls, or by this 
extrusion, of zoospores ^ wdiich are de\ (‘lop(*d into new cells or cell-families 
(Hg. oOd, ll, a). 'J'his kind of pro])agalion goes on actixely for n time 
under favourable circunistances ; and the mere “ division,” at least, may 
1 ) 1 * compared to the vegetal iv<' development of more complex plants. 

Hut at certain epochs this imxh' of increase is exchangcHl for another 
kind, in which xve have eooperaliou of tw^o originally distinct cells to 
produce tlni new one, imlicntiug that it is a phenomenon of sexual repro- 
duction, wdiile at tlie same tiim; fh(*re is no external evidence of difleivncc 
in the concurrent celN. The genus Closterium (tig. W);i, 11, c) is imilti- 
])liod \ egi;tati\e1y by division, or //.s-.s7yMm<.s propagation ; at certain stages 
of existence, how'ever,thc cells wldch appear ns if about tj) divide* apprcnich 
in pairs, and, n frnctun? of the external cell-iiiombraiie having taken place 
at the UNiial line of division, the contents of each cell, hounded hy a pri- 
mordial utricle, escap«*, come into contact with each other, and become con- 
fliumt into a muss which assumes a rounded form (fig. 60>l, IJ, d). This 
round l)ody becomes coaled by a cellulose coat, and ultimately by a second, 
uKxro internal. Its contents change from a green to a brown or yellowish 
t;olour ; and the globular cell remains after the two empty parent cells 
have decny<‘d. This globular body, whicJi passes through a stage of rest 
before germinating, is sometimes culled a s/)ornnf/ey Tn)i a simple spore, 
since its conttmts appear to become segmented and divide into a num- 
ber of independent germs when the structure recommences active deve- 
lopment. 

An flTinlogous conjugation of two cells takes place throughout the 
JDcwnidiere^ and it has also been observed in many l)iaioniefe ; in all cases 
the product is a resting sporangia I cell or frustule, i. e, a coll possessing 
more than one firm coat, which produces two or more germs wdien about 
t4) throw off these coats to dt'vidop into a now plant of the form of the 
parent. Conj’ugation exhibits iiianjr minor variations in the groups of 
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VesmiiHca^. and Diatomean ; and among unicellular Algce it has hecMi ib- 
served in the zoospores (»f liotnjdiunu 

In tSpirogyra (tig. ol2, A, «), Zijgnema, i\w^ Fig. fiOA. 

one or two otJier genera of liluinenlous Coiifer- 
voids, oixlinary gwiwtli by cell-di\ii<ion is ex- /| 

chnng-ed for a process of conjugation at ceitaiii I) 

epoclis. Two hlnnients, lying side by side (Jig. // 

A, i), exhibit papillary elevaliojis of the * L 

cell-walls on the sides next their neighbours; // 

these ]»rocesst)s elongate until they come into j 

contact; they then adher*!, and the septiini 
formed at the plane of iinitni bt*coinea absorlx’d, 
so that the t>so cells be<‘oimi connected by a 
tubular process, a kind «of isthmus. Thecouteuls 
of the cells meanwhile relvuct themselves from // 

the wall, lose their spiral np\)earauce, and be- jU 

come condensed into a mass ; then, in some cases, 
the Avholo contents of one cell travel through iho ^ 

isthmua into the opposite cell (c) ; in others, the " 
contents of both pass into the isthmus, which 
expands into a globular ca\ity in the middle. 

In either case the contents of tlu5 two cells be- 
come combined, and tlicN form a globular or oval 
spore, which produces t\vo or three tirm coats, 
enters a stage of rest, mid remains after tJie pa- 
rent filairients have decayed aw’uy ( lig. ^1-, A, (/). 

After a time, usually in i he spring succeeding t ho 

formatinu of the spore, this giu'iiiiiiates, bursting 

its Coats and sprouting out into a new liluni<‘nfc ' 

like the parent (fig. ol'J, A , cj. This conjugation 

ul’ and its allies has long l>een kiniwn, ;%// 

and w'as w'ithout a parallel for many years; luit, 

as stated above, an analogous process occurs in 

IHatomeai and Vesmidivff’ and other plants, and it Mf ‘ 

is essentially rt;late<l to tiie ])roceS'.esof fecunda- 

tiun by spermatozoids next to be described. ^ 

Fecundation by Spermatozoids. — The history j(&| 

of the fertilizatiim in (Edogojiinm Is one of the o| 

most curious points in the whole range of vegi- 
table physiology, e.Npeciully so as regards the M 

male organs, which iiu<iergo a coinple.x course of 
development as follows. On the same plant that 
produces the female spom, or in some s^K'cies on 

another individual, are forim^d special cells (Edogoniuiaciiuxtmn'. A.orrfi- 
called ‘‘microifonidia” or » andrasiwres.” The • 

oince of thest' cells is to produce ultimately an- c, c, fliwjranjjia; u, I), an- 
thendia, in which latter spermatozoids are droupor*.*. onn bPHrini? at « 

formed. The aiidrospores nn> formed in the whiVhS'fl*dJSVd^^^ 

ordinaiy cells of the plant, and escape from them tninity of the plant. 


nairy cells, in each of which 
a 20f>8|v»re (E) is formed ; 
C, C, fliwjranjjia; U, I), an- 
drospores, one bcHfinB at tt 
an Hnthoridiijm, th€- lid of 
which ia detached ; D, ex- 
tremity of the plant. 


by rupture of tht* walls of the parent cell an 

oidinaiy zoospore would do, ana like it they swim about in the water for 
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a timo ; but while an ordinary zoonpore after a time fulminates and forms 
a new thnllus^ the androspores attach themselves to the sides of the female 
spore or sporaufrium. 

In this situation they prrow into a sort of prothallu.s; the lower part 
becomes dilated or pear-shaped, while the upper extremity develops one 
or twt) small cells one over tlio other. These are the nntheridia; and in 
each of them is formed a spiirraatozoid, the fecundating: body. Those 
latter, when nuiture, are ciliated and butt Ofrainst the tup of the anthe- 
ridiimi, and at hmgfth cause its detHchinent in the shape of a little lid. 
In this nmnner tliey e-^cape from the antheridiuni, move about for a tinm 
in the water by iiuwins ot their cilia, and iiltimahdy pass into tlic female 
spore tliroiig-h an oj)t'niiig' previously specially prepared for its passag:e in 
tho summit oi' lht‘ female spore. Jfere the sj»ermatozoid comes into con- 
tact witli a quantity of colourless prramilar niucilajj|%» formed in tliat situa- 
tion prior to fecundation, the distention consequent on which seems to 
ui coiint fn* the formation of the aperture thv(»ug:h which the fecundatinj^ 
body passes. 'I'lie spevmatozoid touch(‘S the mueilage, or evcm penetrates it 
to some extent, ami beeomes bhmded with it, and tlius fertilizes the spore, 
which subsequently b(‘comes invested by a cell-wall in the ordinary way. 

Vauc/ifrut is a greims t)f hlamentoiis (Jonfervoid Alpe, in which the long: 
hranclu'd lilament consists of a sing:le enormously developed cell. This 


b’igr. o(M». 



Vuurht rin : A, A, siirnnntoKoulD; B, (\ horn-liki> unthfruliiini ; J>, !>*, ppornnfftis; 

IS, hpor«‘. 

}»lnnl is conniionly propnjjatod by a peculiar kind of zoospore discharg:ed 
from the thickened end of the tilaiiieiit or of its branches. lint at certain 
epoehs lateral struct ures are developed at the sides of the filaments, as 
branch cells, which become shut off from the main tube by septa; some 
of these processes expand into ovate and beaked or bird’s-heud-shaped 
bodies, others into short curled filauieuts or honis.*’ The ft)rmer are 
s^orantfeSf the latttu* anfhvrulia (fig:. fiOO). AVhen ripe, the antheridia or 
‘‘4;iorns ’* discharge their cell-contents in the form of numerous spindle- 
flliaped corpuscles, moving actively by the Jielp of n pair of cilia. Mean- 
whijp an orifice is fonued in the benk of the sponinge, and some of the 
spermalozoids make their way in, so as to come into direct contact with 
the cell-contents. This phenomenon is followed by the closinp-up of the 
sporange by a membrane, and the conversion of its contents into a fertile 
redintf^pore, 

Sp)i(pro/)lea is an other genus offilamentouaConfervoids, composed of two 
rows of cylindrical cells, in which fertilization of the resting-spores by 
sperraatozoids has been directly observed (Cohn). In some of its celfs 
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the contents are converted into a number of globular bodies, in others 
the contents are developed into nuinerons spermatozoids. When mature, 
oriticea are formed in walls of the cells of both Kinds ; the spei inatozt»ids 
es('a|)o from tlieir parent cell, and make their way in tlirongh tljo orilices 
of the parent cells of tlio sj)ore8 ; the latter when fertilized moduce lln*ir 
cellulose coat and ripen to resting-spores, wliiclj are set free by the decay 
of the parent li lament a. 

.Aniilogoua plienomena Imve been recently observed in \Rriou8 other 
filaimmious ('onlervoitls, ns in (Ethtifoniuwj liulbocha fe \ and Oolm has 
described a similar process in Volvo j\ 

The mode of fertilization in the Floridem, or Red Seaweeds, has been 
wi‘11 made oul by MAI. Tliuretand lloniet, who thus describe the proce^a 
in Ilf^lminthura. A small cell, originating on tlie side i»f one of the 
dichotomous tilnineiit^ of which the frond is composed, elongates, diviil s 
transversely, and becomes a short braiicliltd made up of four superjiosLul 
I'ells, of wliicli the upperimist ulmie contiimes to de\i'lop. Shortly 
there may be seen projecting fnun the summit of tliis iipjiermost division 
a little protuberance, which griidunlls lengthens into a long hyaline liair, 
often dilated at the (‘xtremily. This is tlu* frivlou/tfitv or essential organ of 
fertilization. When the spermalozoids (here globular and motionless) 
come into contact with llie upper part of this hair they adhere to it. 
Then tin* roll which forms the base of the tvichog\ne swells and dividr s 
into segments, and is soon t l•Jlnsforlll(‘d into a small cellular mass, wliich 
gradually forms the young cystoearp or mass of «])()Vi*s. ^flu* trichogyiio 
gradually disappears. In Vallitltam- 
uion the aggregations of spores called 
favdUv are formc^d from the side, 
not at the base, of tin*, tridiogyne, 
in consequence of fecundation by tlie 
antberozoid. ll(*re, then, we liave 
inotumlesa anlhero/nids formed in 
the anthcridiiini of one plant, escap- 
ing and coming into contact with 
the free end or stylc-like jirocess uf 
another plant; and, as a result of 
this contact, the I'ell at the hast? 
divides and subdivides into a ma^s 
of spores. 

The observations made by Tliuret 
on Fucaceic an* very decisive. In 
this Order tlm conct^fifacU's produce, 
in tlieir interior bodies of two Uiiid.<, 
antheridia (tig. oil, c) and »pore- 


Fig. 507 



j»acJ¥(ftg. oil, e), either togetherorin ®'*veloi>ni<*nt “wl fi-rtilizntion of uporoH of 
SCp^^rutt con C( p tacit S (moilCCClons), ing from tho outer hhc* and u bout to liberate 

or in separate plants. I he anthe- thcHporcH; 6, a frw; sporu (drvoni of c*i*iiu- 
ridia di.scharge 2-ciliated H/jfrnudo- 1^** coat) Burroumb;«( bv Bp.rmutw.oid«; c. 


/ Bp'T . . 

impregnated H]>ori‘ with a »*rJlulo“e i*o»t ; d, 
the soiuu gtnmunutiug. Mogn. 160 dittmuters. 


ztiith (iig. 511, d)y which are poured 
out through the pores of the rec&jy- 
facies (Iig. 511, a) into the surrounding water. At the same fiiue the 
spore-sac (fig. 511, c) bursts and emits an inner sac (fig. 507, «), in which 
may be observed 2, 4, or f< («) spherical cor]»uscle.'a, destitute of a cellulose 
membrane ; this inner sac breaking loose, bursts aud dischaiges its cor- 
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puacles, which, like tho spcnnatozoids, pass throui^h the pores of thi^ 
rcceptttclo into the water. Here they become surrounded by a cloud of 
spermatozoids 507, A), which attach themselves to the surface, and 
by their ciliary movemejit caiisi^ the spheres to revolve. In tho course 
of a few ini mites, usually, a cellulose memhrano is formed upon the 
surlaot> of the ‘rlobular corpuselo (by secretion from its primordial 
utricle?), and it becomes a cell (fig. *507, c), which subsequently ger- 
minates, growing by cell-division (fig. 507, d) into a new frond. 

. These observations upon the fertilization of the germinal corpuscles of 
the Alg.-e are of extreme interest, both as offering examples of the process 
of sexual conjun<!tion,aud as ailording,lik(5 tho development of zoosporiis, 
beautiful illustrations of the theory of free-cell formation by the prouiic- 
tion of a cellulose coat around a naked primordial utricle after it has been 
completely sejuinitcid from the parent, — a ]ihenonienon raridy met with in 
the higher phuits, wliere tliis kind of c!ell-formati«ni can only be observed 
in the interior of the parent structures, as in the embryo-sac of the 
IMuinerogurnia. 

In tlio conjugating Algic wo oh-ervo the new cell to be produced by 
the com])loto niii(»n of the entire contents of the sperm -cell an< I germ-cell, 
which are iindistinguisliabb^ from each other. In the other kinds cited, 
the contents of tJie g(‘rin-cell become converted into one or more globular 
corpuscles, rudimentary spores; while tho contents of the sperm-cells 
are developed into iiumcrt»us minute corjuiscjles, usually of a spindle shape 
(not spiral), moving acthcly by cilia. The corpnsclt‘s of the germ-coils 
aiquiro a cellulose cost and become colls ; the spermatn; corpuscles dis- 
a])pcar after they come into contact with tJie nascent spores, either dis- 
solving or becoming absorbed into the substance of tho latter. 


CHAUACILK. 

(lasft Algol, JhulL Ali, Algalos, Lindl. 

Diwpwsis . — Water plants having verlicillafely branched stems, 
rooting more or less at tlu? joints ; the stems either simple tubes, 
or with the central tube clothed by a cortical stratum of siiialbu* 
tubes wbicb grow over the inlernodos from the top and bottom 
and meet so as to tmvelojie it. Koprodiictivo organs of two kinds, 
found oil tlie whorls of branches: — (1) axillary oval sporangia 
{nm}deit\ consisting chiody of a central cell with a cortex of spirally 
wound tubes ending in a crown of teeth above; and (2) little 
globular antheridia sessile on tho branches, bursting 

when mature into 8 triangular valves, the centre of each valve 
b'^aring a stalk whence arise microscopic, jointed, confervoid lila- 
inents, each joint of which gives birth to a 2-ciliated filamentous 
spermatozoid. The nucules fall <»ff, germinate, and produce new 
plants. — Illustrative (lenera : Kitella, Ag. ; Tobjjpelln^ A. I3r. ; 
fji/chiiotJtamtius, llupr. ; Chant, L. 

Structure and Life-history. — The r»*prodiictivo organs of this Family 
are very distinctly characterized, and borne in a conspicuous external 
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poHition. The two kinds, mnlo iind female, railed resjv^rtively X\\i^ylohuU 
and the nucule^ ort ur either together on the same braiicli of the plant, 
on distinct brunches, or on sepamte plants. 

Fig. 508. 



Chnrn J'tugili *. — A. l‘»»rtion of bninc-h: «, iiAiill jflobiili*; nuruUs c, itH crown of IcrUi; 
P p", Hlerilc brnnchlcts: x fiO. H : a, clobiili* in cournc i»f formation; nk, yoiinjf niioiiln; 
t(\ nodal oi'll ; u, banal ocll between the base of the globule and of the nofbil cell ; btt 
cells of braiiohlet covered with cortex: X 3o0. (From Hachs.) 

The yhhidf^ or anfhertdimn (lig. 508), is a spherical case composed 
of eight triangular segmental pieces, ea<'h of which is formed of a nuinher 
of cells radiating from a c(*nlrul one ; all these have n'd or orange con- 
tents, imparting a colour to the yUthuU' as seen in its naUirnl condition. 
From the centr»il cell of each valve projects inward an oblong cell, the 
manubrium (tig. 501)). Thes<i eight cells meet in the ci*ntre together 
with the apex of a (lask-shaped cell which entm’s the globule at its base, 
forming the ])edicle by which it is attached to the branch. Where these 
nine ceils meet in the centre is found a little celiulai* iijuhh, from which 
arise a nuinbcT of slender jointed tilainents. When the globule is mature, 
its valves separate, and each canies away its central cell, bewaring a tuft 
of the jointed filaments. The cells forming the joints of these fifainents 
are then seen each to contain a minute spirally j oiled thread (tig. 500), 
which makes its way out and appears ns a 2-ciliatod actively moving 
i^fertnatozoidi resembling those of the Mosses. 

The nurule (fig. 508, IS) consists essentially a large oval cell surrounded 
by a double coat and, outside this, by five spirally coiled and intimately 



44f5 


S Y STK M ATIC 1W)T A X Y . 


conuftoted cortical filaments. The live spiml cells terminate at the simiuiit 
ill five (or ten) teeth ; and it appears that these tooth separate from each 
other at a certain epoch, leaving, a free passage down the centre to the 
wall of the ctmtrul cell. In this state we may compare the structure to 

Fig. oOf). 



J^Uelht Jleiiliii. — A, mnriuliriutii of 8i'(;iiii‘nt of jflolmli*, wlfch nmiuToiH fllaim-nt.H iii whii*h 
tlu' untiierozoids arc (levidopt'd ; J3, iKirtiou of Ulami'wt, vi*ry highly nitigniufo ; C, untno- 
ro/ioulfl. 

fcn aiTht^tjoniumy or to an ovule of IMianorogamia. The spermatozoiils 
from the glolmlo pass into the canal hetwt'eu the crown of tcetli of the 
nucule, and cause it to be(‘i)njo fertile. The product, however, of the 
fertilized eoiitral cell is not ti free embryo or a spore, but it becomes itselt 
the first cell of tlu 5 new plant, like a spore. Alter fertilization tln^ nucule 
drops off from the ])arent, passes through a singe of rest, and lu tlie 
following sensoii germiutttes liki' a seed or spore and grows up at once 
into a new plant. l*riugalieiui, however, states that the spore develops 
a true prothullius like that of the 3Iosse.s. 

Distribution, &o.--Tlie Characeie grow in stjignant water, and many of 
them acquire a dull aspect and brittle texture by becoming encrusted 
with carbonate of lime, appar(*ntly precipitated from calcareous matter in 
the water, since it is often deficient in cultivat-ed specimens. The uii- 
encrustfid kinds, the simple tubes ot and tlio young shoots 

geuorallv are well known as objects displaying in a beautiful manner the 
rotatioirof tlm cell-sap, which takes place 'throughout these plants. The 
abundant protoplasmic ccll-contents cans>o tluise plants to give off a veiv 
otlensivo odour wlum decaying. The species occur all over the world, 
most commonly in temperate climates. They have no known uses, and 
are regarded as noxious from their smell when undergoing decomposition. 

HIlODOSPERMEJi on FLORIDEJE. Red Seaweeds. 

CUit^s Algos, EudL AU, Algales, Lindl, 

Diagnosis — (Fig. 510 .) Marine Alg», mostly of a red-purple, 
rarely olive or brownish colour, with a thallus either foliaceous or 
of branched filaments, sometimes encrusted with carbonate of lime. 
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K< ‘produced by spore's (tl) formed in vS pedal sporangia, whicli are 
either snperHcial or plunged in the frond, and contained wiUiia 
special cavil ies or “ conceptacles ” (D) of varied form. The sporange 
is provided with a special tube, or ** tnrJiofjfjne^" by menus of which 

Fiff. 510. 



OitiHiii/i.tion of Hh-Mlox|irmn>n' : — A. Vait of u thfiliu.x or Iroiul of Lauren Hti pinnafiflda. 
J3. A iiiu^'ir.llrd iVa^iiiflU of a I'lljulo with Htjcliidiu coiiliiiiiini; trlruaporcH liki* c, n mori* 
llj;un‘. li. Iwibulr of llu- frond bfurini' crriiiiinlm or sjMirr-coin-fplHi'lrH; d, tlio 
8)ioi'f.4. E, Spores front the bhiuo, more niagnifled. F. Lobule of li frond beuriiif; iwithu- 
ndia. (I. * 

it is fertilized by the aiitherozoid ; accoinpanuMl by antJu'ridia (F), 
containing a single motionless anlherozoid vvitlioul cilia, and by 
Utraspores (B, c), collections of 4 cells formed in special ])arent 
colls in siiniJar situations to those of the spores. — Illustrative 
Suborders : —Subord. 1 . UnonoM klile ; Mhodomrla, A^\\.\ Volpai- 
phonia^ (xrev. Subord. 2. Lauhkncie.e : Lanrencia^ liUinx. ; Chy^ 
Ljcladia, Grev. Subord. S. Corallinkas ; CoraUiaa, Tourii(‘f. 
Mdobcsutf l^anix. Subord. 4. DelesseriEjE : Delt'sut'ria, Lainx. 
Phcamium, Grev, Subord. 5. SwiyEHOCoccE-® : Plocaria^ Kees 
iSj)h<vrococcus, Grev. Subord. 6. Cryftonemieje : PhyWjpora^ 
Grev.; CVtomZ/m, Grev. Subord. 7. Ceramiej:: Cnllltlianinwn, 
Lyugb. ; Gnffillma, Agh. ; Ceramium^ Adaus. Sulwrd. 8. PoR- 
PUYiiE.E : Purphyra^ Agh. 

structure and Life-history. — In S]iitc of the varieti(‘8 of form prer-ented in 
this Order, there is so close an essentiril agrt enient in their organization that 
they distinctly api)nar as members of one natural group, with characters 
whose value is only ec^uivolent to that of some of Ine subdivisions of the 
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groups Fucoideffi and Confervoidoas of Harvoy and others, with which they 
are usually placed parallel, 'i'lio charactc^r of the spores seems to be the same 
throughout, although the fruits in which tl)ey are contained offer several 
successivt* degrees of complexity : the of Ceramie<jB, and the faveU 
Ivlia of Crifpfoyieniwcp., imincrsod or superficial groups of spores surrounded 
by a hyaline c(ait — the cuiocidia of iJelemeripre, hollow cases with thick 
mruiibranous walls, containing a dense tuft of spores arising from a 
central peduncle — and the erramidia of Polt/stjdionia See., ovate or urn- 
8 haj)ed cases with thin and membranous walls, hiiving a tuft gf spores at 
tlie base -all tliese are but slight modifications of one (the conceptacular) 
kind of fruit, wliicli produces llic true sp n‘cs. The various nuKles of 
arrangement of the tfdmsporpn (which appear from Fringsheinrs observa- 
tions to be f/onidia, or gcmimuhiry bodies, since tluiv grow up at once into 
a new thallus, while the other spores do not) — the scattered arrangement, 
th(‘ mri or definite gnuips, and the .•ifichtdia or metainorpliosed branches 
enclosing tetraspoivs, have a like rtdation; aial an analogous relation runs 
tliri)ugh the modes of aiTangeinonf of the (mthvridia, which, it maybe 
nientiuiicrl, are rarely found in the same individuals of the species as the 
spores. The antlieridia discharge minute sph(‘rical corpuscles, to which 
tliebestobserversdeiiy the power of spontaneous motion, ns is the case in 
regard to the Hpt'rmtdia of Lichens and b'unp-i: but they are generally 
8 U)>posed to liavi' a fertilizing function. The simph*r forms of thallus 
()C(!urnng in tins Order relate it to UIiy{c and (hrffWroidi'rii, while the 
existence of tetraspores, globular spores, and antlieridia in the Diclyotaceie 
makes that Order Ibrni a din*ct transition to the Fncacem. The mode of 
fertilization, by moans of the antherozoids and the trichogyne, is de- 
scribful under tin' head of Ueprodiiciion, p. ddO. 

Distribution. — ^J’he IJod St'aweeds are generally (lillnsed, but diminish 
friun warm temperate latitudes both to the erpiator and the poles. Th(*y 
occur ill deeper water than the Olivo Heawceds, and below tide-marks, 
tloiirishing best in qui(*t bays. 

Qualities and \r808.--T]ie abuncbint gtdatinons or homy substance of 
the thallus of many kinds, composed of a modification of cellulose related 
to gum and starch, renders tinnn nutritious ; Chondrus is the 

‘OhiiTJigeeii '* or Irish Moss; lihodt/inniia palmata, Irtdfca eduMa, and 
other plants of the Order yield a similar excellent jelly when boiled. 
Plttcaria fenax is largely used by the Chinese for miikimr glue. Some 
liave pungent qualities, as Larn'eneia pimiatifida, called Pepper-dulse.” 
Pfocana IldminthtHdiorfm}, Corsican Moss, has the reputation of being 
nntlielinintie. 'Phe including common Coi'allines (VoraUina 

oJfirinaliA and Niillijujres ” {Mdohenia^y long supposed b) be of animal 
nature, are very curious on account of their complete interpenetration by 
carbonate of lime, giving them a brittle and sometimes stony character. 

Dictyotace-® are olive-coloured Seaweeds with a continuous thallus, 
boai'iii^ the reproductive organs in definite gi'oups or lines (son) upon 
llie surf iu*e — tiie spores, tetraspores, and antlieridia being oil developed 
in an analogous manner from the cortical layer, bursting througli its 
cutieiilar pellicle. This small Order is included by Decnisne in the 
Section Laminariece of tlie Tribe Aplosporem, but lias been shown by 
Thuret to be quite distinct from the other Olive-coloured Seaweeds ; it is 
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very interesting as- inresenting, in a special condition, exactly nmilar 
Spoqlto, tetraMpores, and anthendia to tho^e of the fihodospennen, which 
they thus conneot; with the KucacesB, with whicli they agree in habit and 
with which they were formerly combined. They belong rather to warmer 
localities, and are more dtdicate than the Fucacese, sometimes, as in 
Padvna^ exhibiting attractive colours. Th^ arc of no known use. — ( Icnera : 

Lamx. ; Lamx.: Taatnn, J. Agh. ; Padina^ Adnns. 


FUCACEiE. Sea-Wb\('Ks. 

CUm Algae, EntlU AIL Algnlca, LimlL 

jyutfjnosw, — (Fig. oil.) Olive-coloured Heawe(*dfl of gelatinous, 
cartihigiiicAis, or hofny texture, with' 
a tbliac’oous or shrub-like oi' cord- Fig. 511. 

like thallifA, attaching itself to roeks ^ 4 ^ 

by “nf simple or IoIxhI and rami lied \ 

diaodid base$ fructification in rectp^ /‘‘C 

tncU'i formed out of lobes of the 

fronds (rt), the (‘xternal surface of vsjf ] ]§ fS 

winch IS pierced with orifices loiuling ^ 

to chambers {conceptacle^ h) IhuhI hr ^ 

with filaments interutii^(‘d with spon- ^ ^ H ^ jf ^ ^ 
itftcH (f) OP filamentous antlumha (r), j I?™} / j/jJ' 

or both of these; the oln e-eoloureil |fiW 

Nj)Oix*H 4 or 8 in a spoiv-sae, from (jj/ f J jf l|/ 
which they escape when mature, and U ] J/ 

are fertihzi^d by tlie active ^-ciliateil i 'A 

corpuscular spermato/oids {d) alter \j / || 

tbev are detach<H| from the parent. ^ \| jl I 

— llliwtrative O^era: 1) ^0&1\ I / y 

liurnpl|b; Oystoseira, Af!;h,; //alidn/x, U A jj jJ j 

Lyngb. ; Mimunthalhiy Lyngb. ; Pye~ \ I y/ 

iiophycus, Kutz. ; Fnctis^ L. A jj // 

Structure and Llfe-hletory.— Some of 
the filaments lining the ooncepta<*h»8 Im*- ^ 1 
come, after a time, swoll yn und f i lied with 

brownish matter ; this brow n mat ter is de- OrganiBuhon of FufatfOi —A Haiidry» 
X eloped into 2, 4, or 8 spores, x\ Inch escape half tiie nat «i?i* a. potis or 

from * «.naU orifice aUhe apex of the con- 

ceptacle, througli whicli also subsecmently tad#* , the uavit> of whibh ih Ihk d by 
paMth. tufts of sterUe hairs which do 

r I • • X *oidi!(a)ttnal)y|ipjre-aw|i(e). 

notiindeigo pietamorphosis into spores. 

Sometimea the anthendia are present in the satne oonceptoelcs as the 


sporanges ; or they are borne on a separate plaatr(di 9 |cious>. The anibe- 
ndia consist of oxbid cells, some on oranehed threaus and containing a 
whitish mass, interspern^ throughout which are a number of red 
gitmuies. The antheridia are ejected through the orifice of the concep* 

2a 
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taclo, and themselves jrive to numerous nntherozoids, each provided 
witli n couple of extremely fine nnd contnininpr a ivd granule. 
According: to our present knowledge Uie Fucacero are strikingly ae])ftrated 
from the other Olive S(\a woods — from tho J lictyotacem by th(3 absence of 
totraspores and by the character of their antheridia, and from the Phreo- 
pporetc by the absence of the ropw>ductivo zoospores nnd by other points 
of orgnni/fition. They appear to be allied to the Oonfervoid forms, 
through Phteosporero, more closely than to Khodospermeoj ; but their 
reproduedive oi-gans arc formed on a higher type. 

Dlstiibatlon. — Universal ; cspecinlly f«mnd on rocks between tide-marl- s, 
or, if growing in deeper water, binn-c*<l uj) to tho surface by vesicuhir 
floats; yi'.ry large in the Soutluirn Ocean. 

Qualities nnci Uses. — 'Pin* gelatinous siibstnneo of which the thallus is 
composed renders some of Ihesti plants availahh' as food ff»r man or ani- 
mals wlM*re hotter productions arc scarce: hut their chief value is as a 
p<iurce of iodine, extracted from the “kelp’* or ashes, which wore for- 
nu'vly au important source of soda also. The F?tri are also largely* used 
for manure in niantime localities. Sarf/asstmi harrifenmi forins the 
celebrated mass(‘s of “finlf-weed” in the Atlantic (Venn. Fnc7ift rcs?- 
f’uioHUSf the common Bladder-wrack, grows ev»‘rywhere on our coast 
between tide-marks. 


PJ I ;K0SP( mV.AL Oja v k S ka w j:ki)p. 

C/ftfts Alga?, Fndl, AU. Algnles, IJnUL 

Diaffnasis, — Olivc-coloiirod or brown Seaweeds with afoliiicoous, 
sbrubbv, or braiiclu'd tilainiMdoiis lluilliis ; reproduced by reo.s*y)o/vv, 
btiving two cilia, one dirt'cted forwards, tbe other backwards, fornu»(l 
in clavate colls or nnilticellular filaments, colltudod in more or less 
definite groups ou tbe cortical layer of fbe thallus of the larger 
kinds, in lateral tufts or terminal on tbe brj|,ncbod filamentous 
kinds. — Tllustralive Gimera: (77m>Y7r<, Stackh. ; Lnminaria^ LfLmx.: 
JHctt/osIphon, Grev. ; J^unctarm., Grev. ; Desmarestin^ Lainx. ; il///- 
r/rtfr/VZ/iu, Harv. ; bktocarpas, Lyngb. ; Grev.; Leatlu'aia., 

Gray. 

Structure and Llfo-lilstory. — This group corresponds to tbe ti*ibe Lami- 
nnri(»}e of the group Aplospon'jp of ] )erai8iie. The genera iiiebided in this 
Order with hijfbly dcv«?lopod thallus approximate to the Fueneem, with 
which thc'V are sometimes associated ; but it, lias been discovered by Thiiret 
that tbe so-called “ spores *’ aro sacs producing zoospores, which germinate 
and produce new plants like those of Oonfe^^oid» ; they are distinguished, 
liowov(?r, from the zoospores of that group by the arrangement of the 
cilia#, which ore here two in number, unequal in size, an(j[ take reverse 
directions ns thev leave the body of the zoosjiore, resembling, in fact, the 
form exhibited m "the sperniatozuids of Fuciih. The size and number of 
the zoospores are not constantly the same in tho same plant; nnd in dif- 
ferent cases the organs producing the zoospores are large clavate sacs or 
chambered filaments, the number of zoospores in a cell being either de- 
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finite or indefinitely grren-t, on account of more advanced aoprmeiitation of 
the contents. The mode of reproduction and the forms of the thallus in 
such gfenera as Ectocarjms &c. hrin^ tliis Ordtjr very near to the Coii- 
ferroidem. Much obscurity still prevails liere, since antheridia coexist 
vdth reproduction by zoospores in CuHeria, and appear to exist in Spha^ 
celana and CladustephvLSy which also reproduce by zoospores. 

DlstiibnUon, Qualltlos, &c. — Much the same ns in I^ucacero. Laminnna 
tlujifata and mcvluirma are eaten (under tln^ name of 1 angle) on the coasts 
of the north of Europe, as also is Alaria envulenta. 


CONFEUVOlDEJil. Sj lk-weels. 

Class Algfic, JiTtfU. AIL Algalos, LincU. 

T)i(i</ttosis. — (Fig. 51i2.) Plants with a filamenlouH, nicmbraiiuiis, 
goliitiiious, or ]nilveruleut thallus, growing in fresh or salt water, 
or qn moist subatanccs, of a briglit green or, more rarely (often 


Fig. 512. 



Organization of Confi'rvoid Algce: — A. Filaments of Npirogifra ^mnina: fi,in natural condition 
(ningnifled W diainctcrB) ; 6, two aiamcnU conjugating; s, ^ snore formed in one coll from 
the mixed contents ; ri, n lycf Mporo ; «, the sumo gorinnmting. B. J*rotoeoceu9 viridi* 
(niagn. 200 diameters) : a, a group of cells cohering bj jclIy-likc matter; b, four cells 
formt'd by division of a coll of a, and two zoosi>ores osoapod from one of the ccUs, sub- 
sequentljr settling down as resting-cells, c. C. Ctadofhimi glona^ata: a, ftlanients, of 
natural size ; h , the top of a branched filament, magnified ; c, cells about to form boo* 
spores; d. the same, with the zoospores escaping from the uppermost eeU; s. zoospores 
germinating into new fllainents. 

2o 2 
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temporarily), reel colour, reproduced by zoospores discharged from 
the ordinary cells of the thallus (A, d\ or by spores formed in 
these cells after impregnation by combinat ion of the contents of 
two cells, either by conjugation (C, r), or by the transference of 
sperraatozoids into the parent cell of tho spore, the spores (C, d) 
passing through a stage of rest before germination. — Illustrative 
(lenera: Cudimn, Stackh. ; Bn/ojms, Lamx. ; Vnucheria, DC.; 
Jhtnfdium, Wallr. ; Ih'apnrnaldia^ Bory ; (Edoijonium^ Link ; 
Spirofjt/rnf Link; BpJuf^roplea, Agh. ; ColtfOchiHe, Breb. ; Hydro- 
dictyon^ Both.; Ulva^ Agh.; Tetraspora^ Dec.; NontoCf Vauch.; 
Botrydina^ Breb.; Clathrocystis^ llenf.; Palmella^A^,; {Achlya^ 
Nees); (Chytridium, Al. Br.). 

Strnotnre and Life-histoi^. — The specinlities of tho very multiform group 
ropresonted by the above list of genera ran Hcarooly be dealt with in awora 
like the present ; and, in fact, our knowledge of tho essential characters 
of tho plants is at tho present time undergoing a thorough revision. In 
the definition t)f the group of Oonfevvoids here, tho Oscillatoriacein and 
the otln^r ]H‘rmanenthj active forma are excluded. Thf‘ Oscillatoriaeroj 
aif.i organized in a very different way from the true Oonfervoids. Tho 
( 'Oiift^rvoids proper are mostly verv simple cellular organisms, with chlo- 
rophyll and starch in tlie eells while tWy are actively vegetating ; the 
majority dischaige the cell-contents in the sliape of one or many active 
zoospows, with 2 or more' cilia at a b(*ak-like extremity ( VaucherWy fig. 50(5, 
p. 442), or with cilia all ov('r the surface ; bt^sides which process, sexual 
reproduction has been observed in Zyynvma by conjugation^ in Oulogo- 
nmm; !Spha‘roplea, Vaucheria, Bulhochcete^ &c. liy spermatozoida derived 
from one cell enleiiiig the cavity of the parent cell of the spoi’c ; and in nil 
probability this will he found general. 'J'he modt‘ of fertilization will be 
found described at p. 441. The spores formed after fertilization become 
encysted in a firm cont, throwm off in genninalion, which commonly ensues 
only after a long interval. Tho Palmtihce are forms not yet well explained, 
compost'd of solitary cells imbedded in a common mucus; they appar to 
stand at tln^ lowest point of organization in the Vegetable fongaom, if 
they bo not stages of growth of liighor forms (fig. 504, p. 437). 

The genera above gi-oiipd by Professor FTenfroy under the head of 
(hmfervoidero are more naturally gi*ouped by Decaiane under several 
distinct sections of varyiug dt?grecs of importance as follows : — 

1 . Conferree, comprising plants consistirg of tubes or cells containing 
ovoid spoivs provided w ith 2-4 vibratilc cilia. 

2. uniceUutarvs. Plants consisting of a siiiglo cell producing numerous 
ciliated spores, which in Boirydinm uuito by conjugation (fig. 60;l,Fi). 

3. C^igonwa, Filamentous xVlga?, produciiig spores either by the ag- 
greg^ioti of tho gi-een colouring-matter of the cell into a sij^eroidal mass, 
which escapes from the paii'iit cell by a special aperture in its wall, and 
is then seen to he provided with a crown of vihratile cilia, or as the result 
of Bt'xual agency. The antlieridia consist of filaments, each cell of which 
contains 1 or 2 apemaatozoids, which eB3ape by the lifting of a lid-like 
valve of tho cell-wall and fertilize the spore as above stated (see p. 441 
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4. Vaucheriea. Unicellular Algae, producing two kinds of reproductive 
organs — tbe one resulting from tne concentration of the gn^en matter at 
the extremity of the iilamenU into an oval active spore coveii»d with cilia, 
the other formed as a result of sexual agency. The antheiidia appear in 



Fig. .)13. 'iVo/otfoceuf viridis, IlenfV. : group of noils, tUo uppor with i‘ight in o linear 
sorioH, tlioMe to the left dividing; 6, zooH|H>reH aet free by Ihu solution of the 
oelUwall; c.cell di\'iding into two zoospores; d, resting-uelis ; s, zoospore with 
the oilin east off; /, zoospore. 

Fig. 514k Palmella nivalit. 

tho form of small horns placed in the proximity of ovoid sporangia. Tliese 
anthoridia contain nuineroiis ext roiuol y ininutH spermatozoids, which es- 
caping fertilize the sporangium and determine tin* formation of akpore, 
which does not germinate immediately, but only after the lapse of some 
time (p. 442, hg. 500). 

5. Sympore<p or Conjw/a^ts. Filamentous or unicellular Algm, repro- 
duced bv the process ot eonj ugation. This gi’oup comprises the J )eBiuidiea3, 
of which fiirtner notice will bo found hereafter. 

G. DiaJtoinaceoi, These are also alluded to in the following pages. 

Distribution, Qualities, &o. — ]^Iet with universally in fresh and brackish 
water, some genera also on sea-coasts, growing on rocks, large Algie, &c. 
Some of them occasionally appear suddenly in vast quantity, colouriug 
lakes green ; or, as in the case of PalmeUa nivaliti (fig. *^14), giving rise to 
the phenomenon called lied Snow.” Palmvlln ct'mnta (fig. 504) often 
forms large patches of substance like half-coagulated blood on damp stones 
and rocks. The green slimy matter of stagnant pools is mostly composed 
of interwoven masses of filamentous Confervoids, which present most 
beautiful and varied forms under the microscope. Ulm (nianno) produces 
large membranous fronds, which ore sometimes eaten under tne name 
of Green Laver. 

OsciLi-ATORiACE.® (fig. 503, MicToscopic filamentous structuM, 

usually collected into patches ot definite or indefinite form, extending 
by peripheral growth, composed of continuous tubular sheaths enclosing 
a green or brown gelatinous matter marked by transverse striss, where the 
substance is divided into longer or shorter pieces, often escaping from the 
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tube, ultimately resolved into discoid fragments, which, when free, be- 
come globular." The gelatinous “ core,’’ the vital part of the structure, is 
capable of a peculiar moveiiieut, which causes the free portions or ex- 
trtsmities of the tilamenta to vibrate like a nenduluiii, or with a slightly 
vermiform umllatmiy whence the name of tlie Order. Keproduction by 
spores unknown. ' 

Our knowledge of the essential chtu’aclers of this Order is imperfect ; 
and the only mode of reproduction known is bv simple division of the 
central substance of the lifainents, the portions sfitting out of the ends of 
the sheaths and secreting a ikjw coat of their own. Their p*"culiar 
oscillating motion is one of the marvtds of Vegetable Physiology ; they 
appear to be totally destitute of cilia. Their movements, and the nature 
01 their central substance (apparently devoid of starch, and coloured by 
different matters besides chli)rophyll), w^em to indicate a ndation between 
Oscillatorinr^cm and DiatoiiiacciO, which would connect tlie latter with 
Ooniervoids, They occ.ur in w'ater, frcish and salt, and on damp earth 
e.very where. — Genera : OsoHlatoria, Bose ; 3ficrocoleinif Desmaz. ; Caio- 
f/triXf Agh. ; lUvulariu, Both. 

DIATOMACE.E. 

Cla^s Algae, Undi AIL Algales, LindL 

IHaffno^is, — (Pig. 503, B, C, page 430.) Microscopic unicellular 
plants, occurring isolated or in groups of definite form, usually 
surrouiidecl by a gelat inous irivestineut, the cells exhibiting more 
or less regular geometrical outlines, and enclosed by a membrane 
striathd or granular, either simply tough and continuous, or im- 
])regiuited M’ith silex and separable into Aalves. Reproduction by 
spores formed after cojijugat ion of the cells (f?), by zoospores formed 
from the cell-contents, and by divi«ion. 

luLUSTiiATivE Suboudeub. 

Subord. 1. PKs^iiTMEiE (tig. 50.‘b B). CeU-mvmhrane without silica^ con- 
ittivwf/ chlorophyll atid starcJi, Clostcrium, Nitzsch; Oosmariiim, 
Mcnct/h.] Puaslrum, -E/ir. ; Pediastrum, A/cye'w ; Desmidium, 
Subord. 2. Diatom io.fE (fig. 503, C). Cvll-membrane impregnated loith 
sile.Vf valvular j containing a brown colouring-matter, Eunotia, Ehr. ; 
Diatoma, DC , ; Navicula, Eorg\ Isthmia, Agh, j Melosira, Agh. 

Afflnltlet, Ao. — Those organisms wore formerly included among Infu- 
sorial Aiiiinolciiles ; but the vegetable character is very strongly marked 
in Deamidieai \ and the reproauctioii by conjugation, characteristic of 
certain tribes of Confervoids, occurs not only in Desmidiea, but in Dta- 
tometmf which in respect to general organization cannot well be separated 
from the DesmulieWy although tlie nature of the cell-contents has more of 
the character of what we ai'e accustomed to regard as animal substance 
The Diatomew are also remarkable for the way in which they divide by 
segmentation into a number of distinct frustulos, each of which grows 
into a perfect plant. 
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Distribution. — Dmnulie€e occur in all quiet pools of pure water, at 
the hoLtoiu or adhering* to other plants. iJiutotmoi ai*e universally dit- 
Ui'ted, not only in fresh water, but in the sea and on moist groimd, "in all 
of which situations their siliceous ccII-whIIh cause their roniaius to ac(.‘u- 
luulate, if left undisturhed, until they form actual iniiieriil strata. 

VolvocinkjB are microscopic bodies swimming in fresh water by the 
aid of cilia arranged in pairs upon the surface of a conmion 8(>migelatinous 
envelope, the pair* of cilia each belonging to a greei>t'orpnsele resembling 
the zoospore of a Oonfcrvoid, imbedded in the perijiliery of the coaimon 
eu\ elope. Reproduction by the development of each corpuscle into a 
new colony, the wholo being set fr«*o by the solution of the parent 
envelope, or by conversion of the corpuscles into encysted resting-spores 
like those of (Joiifer voids. These curious and beautiful objects, found in 
similar situations with the Ooiifervoids, ap]>ear inoiti closely related to tliat 
groiqi of organic beings than to any form distinctly recognizable as mem- 
ber^ of tiio Animal Kingdom, the persifttencu of the power of motion 
throughout the period of vegetative lib* being tlie only animal (J') character. 
— Ueiiera : /o/coa:, Lam.; J^andonnat Lliivnb. ; iStcjihnno- 

Colm j GvnmtUy Lam. 


Division II. Fungi. 

Cryptogainous plants consisting of long throad-liko, tubular, gene- 
rally braucliiug hypliaj, or of branching series of cells interwoven 
into a mass which is in some cases mieroscopic in dimensions and 
in others of great (*xtent, nourished on organic substances as»])ara- 
sites or as sajirophytes, and entirely dislitnte of cldoropliyll or 
siiiiiiar pigments. Keproductioii uliecled by both sexual ami 
asexual means. 


PIIYCOMYCETES. 

Diagnosis. — Fungi consisting o£ a inyceliuin of long, densely 
ramifying tubes, and bearing both sexual and asexual organs of 
reproduction. The asexual organs of reproduction {zoosporangia^ 
voiiidia, and sporangia) are functionally of equal value with those 
produc.ed by sexual agency {oosporrs aiul zggoapores) — that is, the 
oospores or zygospores (as the case may be) produce either zoospo- 
raugia or couiciia or sporangia, aud on the same plant; but a little 
later, either oospores or zygospores again ; the lirst or asexual 
class of these also I'eproduce both theiiiseJves and the second or 
sexual class a little later. 

'rhis Order may be divided into three Suborders, in which the 
habits of life and growth vary. 

Suborder 1 . Sai»holeomea\ — Fungi Rowing for the most part 
in w ater, aud chiefly on the dead bodies of insects,' and consisting 
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of a myceliiira of long, densely interwoven hypliae, which bears both 
sexual organs — antheridia (male organs) and oot/onia (female organs) 
—and asexual zoosponmyia. The contents of the oogonia, when 
fertilized by the anthcridia, are called oospores, and on germinating 
produce ainycelium which bears first zoosporaiigia and later the sexual 
organs. The zoosporangia on bursting produce zoospores which, 
after a short motile state, come to rest, germinate, and fonu a 
mycelium which prftduces again zoospornngia, and later the sexual 
organs. The zoospore, therefore, whi<;h has an usoxnal origin is, 
functionally, of equal value with the scixuaj^y produced oospore. 

Ot^spores 


Zoosperaiigia Oospores 

I ^ 1 I 7 -* 1 

/oospomiigin, Oospuiva. Zoospomiigia, Oospores. 

Ii.LUSTHATiVK Gknkiia : Pjfthhun, Nees; SiqmAvtjnia, Neos j Aplmun-- 
mtfvvHf l)e JJary ; Achhjay Nci‘s. 

Structure and Life^history. — In the forms wliicli Pringsheim enlls tik.ii- 
(vcious the anthcridia and oogonia are produced beside each other on the 
Muuc plant ; but in tln^ otiiers, iirst uiitheridiu and then oogonia. The 
oogonia arc usually situated at the end of short branches of the mycelial 
hyphff), and ani very rarely interstitial. In the monoecious forms they 
are globular cells, rich in protoplasm, which is at first equally distributed. 
In tSaproivffnia monoira the cell-uienibrane is resorbed at numerous plm^es, 
and has a ptudbrated appearance. At the same time the protoplasm ^a- 
dually separnti's into several portions; which become rounded on and float 
together in a wati'i'v fluid within tlic oogoniuni, each bounded by n 
smooth superficies which (Jties nut consist of cellulose. In Pythium, 
Aphanomnvfi^, nnd several species uf /iiaprohf/nm the w'hole of the proto- 
plasm within the oogonium coutracis into one of these globes, which, 
floating in the watery fluid, tak<^ up its position in the middle of the 
oogonium. During the formaiiion it the oogonium, the antheridia or 
anthoridium, us the case may he, grow out from the same branch of the 
mycelium or ircim neighbouring hyphm in the farm of thin, ^lindrical 
crooked twigs, often wound round the stalk of tho oogonium. The upper 
ends adlici'e to the wall of the oogonium, swell slightly, and become 
bounded at the base by a septum. At the time uf the formation of the 
globular bodies within the oogonium, each antheridium pushes through 
the wall one or more tubes, which open at the points and discharge their 
contents. These contents are minute motile corpuAcles, scoredy jig 
millim. in size, nnd are the fertilizing spermatoxoids. The globular Wlies 
after iieing fertilized are provided with a cellulose membrane, and receive 
the name of oospores. 

In tlie dioecious forms (e. g. Saprolegnia dioica and Achlya dioica) the 
oogonia and their globular contents are formed as in the monoecious 
species. The antheridia, on the other hand, are formed in thick bladder^like 
protuberances which aiise at fixed times on the mycelium, and are divided 
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by trauBverBe walls into a Bcrios of cylindrical cells, each of which repre- 
sents an autheridiuLii. In Haproleyma dhAca tiiu wliole of the protupliism 
ut the antlieridiuuj separates into numerous miupte sporinatozuids, which 
ai*e discharged in a motile state from an opening in a narrow protuberance 
of the wall of the autheridium. In Achlya dioica the contents of the 
cylindrical autheridium are divided into a number of phrtions (of about tlie 
size of the zoospores of the specieaj. These iu their turn break up into 
fiiiiail spermatozoids, which emerge first from their special mother colls 
and thou from the autheridium, iu the same way aft in ^tprole^iia dwwa. 
The spermatozoids of both species move by moans of a long cilium. it is 
to be assumed, from the aualogy of dosoly related Alt/fa, that the spermato- 
Zuids enter through the hbles in the walls of the oogouia and fertilize tlie 
globular bodies by union witb tbem ; but there is not enough direct evi- 
uence to warrant more than an iissumption. 

The ripe oospores of iSajmUeynia (so far as they are yet known) possess 
a meuibruue consisting of two coats, and produce germ-tubes after a period 
of rest. Tliey have also been kiiowu, but exceptionally, to produce zoo- 
spores after a short period of rest. 

JSubordcr 2. PKUd^osroiiK.is. — Fujigi parasitic on living Phane- 
rogatiis, and consisting of a mywiiuiii of deuscly niriiiiying hypluu, 
which bears both sexual organs — aulkervUa (male organs) and 
oiMjonia (female organs) — and asexual couitfia. They resemble 
strongly the precediiig lamily,/S«yn’o/t'r/#iwr. The myceliiiin wdiicli 
raiuilies wltbm the host-plant first bears the conidia either singly 
on branching tree-like (PcronoHj^foni)^ or in a vertical series on club- 
shaped coniUiop^wre^, which appear upon the surface of 

the alfected part of the ho8t>-plant. According to the species the 
conidia are either sirn[)le spores, which reproduce the mywlium by 
emitting germ-tul)es directly, or Koosjioraiigui (as iu certain s])ecie.H 
of Peronospora, PhytojAuhora infegttuts, and CystojHt^), the germi- 
nating zoospores ot vvliich give rise to a new mycelium. This new' 
mycelium in both cases produces eenidia again, and later the sexual 
orgaus. The germinating uospoi^S. iifto produce a mycelium, which 
bears both conidia and, afterw'ards, the sexual organs. The asexu- 
ally-produced conidia here (like the zoosporangia iu the iSaproley^ 
nieih) are functionally of equal value with the sexually- produced 
oospores. 

Oospoms 

Couidia Oospores 

I ^ 1 r": * — — I 

Couidia, Oospores. Conidia, Oospores. 

Ii.LUSTaATivis Gex£RA ; Pertnwsporuj Cord. ; Phytopldhora, De Bury ; 
Cystopuij Lev. 

Btrnctiire and Idfe-liistorj. — The reproduction of the Peromsj^r^p so 
Bti'ougly resembles that of the moncecious forms of the ISaprolegnieca that 
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a comparative description only will be nece8«»ary. The oogonia arise at 
the end of .short branches of the myceliiiin in the intercellular spaces of 
living Phanerogains, and resemble those of the moncecious Saprulegniece 
both in form and in being rarely intcratitinlly situated on the niycoliuni. 
The antheridium grows eilhor on the same branch or a neighbouring one, 
and is also similar in form to those of tlie moiuncioiis forms of the pre- 
ceding Ord(.‘r. The proce.ss of fertilization is carried out as in it too, only 
that the protopla-sm within liie oogonium wnaiantly contracts into one 
globular imiss. Professor ile ilary records that he never found developed 
oogonia without an authciridium, and extremely seldom such tis had two. 
The oospores germinate al ter a long period of rest, usually lasting through- 
out tho winter. Twti form.s of germination have been observed. In 
CyAfofmn cmuliduH the oospores hurst and produce the same number of 
zoospores as the asexual conidia (zoospornngia). In Pf^ronos/nn-a Vale^ 
rianvll^ the oospores produce each a gorm-tubt' which, by repeated rarni- 
ticalion, forms a new mvoelium. The conidia also, as already stated, 
either product' germ-tubes or /Aiospores according to tho species. The 
mvceliuni of is providt;d with numerous organs called hamtoina, 

wliich, in tho shape of siiiall bladders, pentdrate the cell-walls of the host- 
plant and extract the nourishment for the use of the fungus. 

The well-known potato-disease is caused by a fungus l^longing to this 
family. It was, unlil lately, known as Pvrvnospora infrstmut', but, in a 
rect'iit work on tho subject, l*vof. do IJary considered it to have separate 
generic characUi's, and it now bears the name of JViyfophfJtora infestam. 

Suborder 3. Mitcohini (lig, 1 1), p. 8). — Pungi growing on organic 
solutions, and consisting of a densely branching mycelium, with no 
transverse se[)ta u]) to the time of fructiheatiuii, and bearing both 
sexual organs and as«\\ual njtoraiif/m. The result of the union of the 
conjugating sexual bodies is called a zygospore. The asexual s^>o- 
ranyia are here (like the similar organs in the two preceding orders^ 
i'uiictioiially of equal value with the sexually produced zygospores. 

Zygospore 


Sporangia Zygospores 

r — 1——- ^ L — 

Sporangia, Zygospores. Sporangia, Zygv)spore8. 

Illustuativk Oenera: Mucor. Mich.: Ehrb. ; lihizomts, 

Kiirb. j PiiuholfMj Tod. 

Stmeture and Llfc-hlstory. — The sporangia are similar in function and 
ill some degree in structure to the zoosporangia and conidia of tho Sapro- 
Ivyiufm and Perono^Mrere. They appear at the end of sporangia- beai*or8, 
which, up to tho tiiue of fructification, are, like the mycelium, without 
septa. The sporos contained by the sporangia genninate W means of 
geriii-tubos and form a mycelium by repeated ramilicatiou. This was for 
long the only form of reproduction known in the Mucorini, and it is only 
in recent times that the researches of Professor do Bory and others have 
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brought to light another and a sexual means of reproduction, which is 
descnbud in tlie ciisos of JUiizftpus niyricam, £hrb., and St/zi/f/Ufs vieyulo’- 
carpm^ Khrb. These cases ore, with the exception of unimportiuit details, 
sinular, and it will be butikiont to describe the process as it occurs in the 
Ibrtuer. The conjugating cells of Ithizopm nigricans are elongated, stout, 
irregularly brandling and interwoven tubes. Where two moot each 
piisjios against tlio other a protuberance, at tirst cylindrical and of equal 
thickness with itself. 'J'hey remain closely attached and soon grow to a 
considerable size, in thickness chiefly. At the cud of oitch a separate coll 
is formed by the growth of a partition. These two cells are usually of 
unequal size — ou(} as long as it is broad, and the other only half ns long 
as its breadtli. The original meiiibraue wliich separated them now be- 
comes perforated in the middle, and soon vanishes altogether; the two 
conjugating cells then unite and form a zyyui^porey which int^reasos rapidly 
in size, and usually attains a diameter ot over one fifth milliin. It is, ns a 
rule, drum-shaped; the ends smooth, and the free surface clothed with 
wart-like prutuOe ranees. The contents are of cooi’sely granular proto- 
plasm, often acconqianied by largti drops of oil. The germination of the 
zygospore, as observed in ^SyzyyU(% is by means of a germ-tube, which by 
repeated dicbotonioiis branching, at the expense of the stored-up matter 
in tlic zygospore, soon forms a now mycelium bearing asexual sporangia. 
l*^pfes8or Strasburger has very recently jiroposed the name of ymnrfca 
for the conjugating colls, and zyyote for the zyyoapore. Professor do 
Mary has further sug*giisted that when the yamrtes are stationary^ os in 
this Order, they slioiild bo cjdlud aplanoyametesj to distinguish tlnuu from 
motile coiijugatiiig bodies found in Aly(e, which ho would call piano- 
yamet.es, rhe substitution of zygote for zygospore is on tlie ground that 
the organ in question is not the* equivalent of a spt)re^ but of a fertilized 
ovum. This iioiueuclaturo, if accepted (and it is time that some such 
rational system were introduced), will uecessitato the substitution of other 
words for the terms oo&pore, i'cc.i^in other Orders, 

The Muourxm are n.>Uiilly to be found growing on horse-duiig and de- 
caying substances. 


HYPODEEMII. 

Diagnosis , — Fungi parasitic on living plants, and consisting of 
a mycelium of interwoven byphae bearing asexual organs of repro- 
duction (spores) either in deliiiite or iiTeguhir receptacles. 

This Order is divided into two yuborders as follows ; — 

Suborder 1. Ukeuine.!;. — Fungi parasitic on living plants, and 
consisting of hypli® woven into deliuite fructiferous recep taenia, at 
tirst situated beneath tlw? surface of the afPected part, but at length 
bursting out. The reproductive organs are of an asexual character, 
no sexual organs being as yet known, and take three consecutive 
forms, arranged so as to form a cycle of generations on two 
different host-plants. 
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TeleutosporeA. 

^cidium-spores accompanied by spenuogonia. 

UredoBporefl, and later on the BSine mycelium 
teleutOBporeB again. 

iLLusTBATivEQENEnA : Puccinia^lM . ; JEcidium, Lk. ; UromyceSy I^ev. 

Structure and Llfe^hlstory. — The life-cycle of these parasites begins with 
the geniiinalioii of the toleutospores — thick-walled spores situated at the 
end of filiform basidiaj either singly or in pairs, according to the genus to 
which they belong. The germination takes place in spring, and consists 
in the omission of u germ-tube, which rapidly forms a promycelium bearing 
three or four sporidia. These sporidia also soon push out germ-lubes, which, 
if on a suitable host-plaut, penetrate the epidermis-cells and form a myce- 
lium within the parenchynie. After a few days this mycelium begins to 
form a new frnctitication under the epidermis of the host-plant, which even- 
tually breaks out under the forms of the /hlcidia and their constant com- 
panions the spermogonia. The latter appear first. Hound them, or 
in-egularly among them, are the ^l^>idia. The spermogonia are in shape 
small narrow-necked snes of tbtj same colour as the .^cidia. They wei*e 
fo.mierly believed to be different species of Fungi from the iEcidia, but 
'I'ulasne has shown that they belong to the same. In them are found 
minute bodies, called spernintia, which Tulasne believed to he male 
organs (spcrmato7.oids), since he found them incapable of germination ; 
but no female oipins hn\ c as yvt been found. It was also suggestc^d that 
they stood in a sexual relafion to the yEcidia, near which they are con- 
stantly found : but ih-ofessor de llary has cultivated true iliJcidia, the 
spores of which germinated, on a plant on which was found no trace of 
sju-rmogonia or spei matin. The subject is nt present wrapt in mystery. 
1 he -^icidin consist of at first rounci or oval, and after bursting basin- 
shaped reeeptncula, the w^nlls of which are composed of pseudo-pni’en- 
ch> me (short, polyhedral, closely fitting mycelium-cells). At the base of 
tins body is the hymoniiim — a circular layer of short, cylindrical, club- 
shaped upright basidin, on each of which rests a series of spores in regular 
order, one above the other. The spores are of a round polyhedral form, 
and filled with prf)topla8m coloured red or yellow by oil. On tl^e burst- 
ing of the enclosing peridium of pseudo-paivnchyme the spores are libe- 
rated in a state capable of germination, which takes place in the form of 
short crooked germ -tubes that penetrate through the stomata of the next 
host-plant, and form rapidly a new mycelium in the intoreellulai* spaces. 
Again, afU^r a few days, this mycelium fonns a new fructification — the 
Uredo. The Uredo is at first of" the shape of a flat circular cushion lying 
immediate! V under the epidermis of the affeerted part. On it arise filiform 
bnsidia, eac*n of which bears around or oval spore — the Uredospores, which 
during . their formation break tliroiigh the epidermis. The Uredospores 
germinate rapidly and reproduce tJmnselves constantly, and to this quality 
is the rapid and extensive spreading of this disease to bo attributed. The 
same mycelium which begets the Uredo, afterwards forms the teleuto- 
sporos from which we started. 1'he teleiitospores hibernate and germinate 
again in spring, as we have seen, and so every year the disease passes 
through the same cycle of generations. 
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The host-plants affected by the same swies are usually of two very 
different kinds. The teleutosporea and Uredosuores affect chieHy the 
Oraminea, and prove very destructive to that useful order <)f plants." Tlie 
/licidiiimspores are not so much confined to on(» order of plants, but nffiict 
usually the ComposiUe, RanuncuUweoi^ and Lahiatte^ to which 

they are by no means so destructive as the teleutospores and uredosporcs 
are to the Oraminecp, 

Until recently the different generations of these Fungi were taken to 
represent different genera, and even now they are, we need not say erro- 
neously, so described by many mycologists on the plea of convenience. 
The -/l^cidiuinspores represent the genua the Uredosporcs 

“ UrvdOj' and the teleutospores Pticciniay^ and ‘‘ Urmnycen'^ Ea<;h 
generation of each species has its peculiar host-plant, and of a not incon- 
siderable number there is only knoAvn one or two gentirations — the 
dium only in some cases, and the Uredo and Pitcrmia only in others. 

To M. Tulasne and I’rofessor do Hary belong chietly the honour of 
having worked out t^is remarkable life-history. 

Suborder 2. Ustilagine^. — F ungi parnsitic on living plants, 
and consisting of interwoven hypbcB, which bear asexual spores 
irregularly. Spores sooty-coloured, either solitary, in sories, or in 
jnasses, at first enelose<l, but at length bursting out and escaping 
easily, from the slender nature of the threads which bear thorn. 
The whole life-cycle,- so far as yet known, consists in the forma- 
tion by the germinal ing s])ore8 of sporidia, whu^h, on suitable host- 
plants, germinalo and form a mycelium on which the spores are 
again directly formed. — Illustrative Genera: UatikujOy Fr. ; TiU 
Utia, Till. 

structure and Life-hletoiV. — The habit of life of this order is similar to 
that of the preceding one. In it the lifts-lufetory, so far os it goes, is also 
of lliQ some nature. W hen the spores, which correspond to the /cf/'w/o- 
spftres of Urf*dmrfP^ germinate, a promycelium is formed as in ill at Order, 
bearing sporidia, in some ca.^(i.s sessile and in otlicr.s slightly stalked. It 
appears also that siicccHsive sporidia may be formed at the same place. 
These sporidia germinate in the usual manner and form a new mycelium 
in the ti^ue^ of a suitable host-plant, which mycelium directly produces 
again the spotres from which we staged. The are very in- 

jurious, especially to the ^h'amine<s, Kuhn and Hoffmann obaei-ved that 
the sporidia attack the axis of the germinating plants, in which they de- 
velop, a mycelinin, which is carried up with the growing plant, and 
ultimately produces spores in the fruits and eaiiBes their destruction. Hie 
power of producing successive sporidia tends largely to«cause the ^dentiful 
distribution of the Order. 

BASIDIOMYCETFA 

Diagnosis , — Fungi grovring on dead organic matter and stumps 
of trees, and consisting of hyphw interwoven, so os to form a fleshy, 
gelatinous or uoody thallus (vulgarly considered the plant), but 
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which is tho receptacle of the hymeiiiiim. Tlymeiiium bearing 
usually qiiaternately asexual 8])ore8 at the apex of erect basidia. 
8pores reproducing the ])laiit directly without, the intervention of 
any inlennediate genoratioii. Mycelium comparatively small and 
Ooccose. The Order may bo divideil into the following Sul>- 
orders : — 

Suborder 1. Tremellini. — F ungi grooving on stumps of trees 
and on the ground, of a gelatinous oonsistenev, wilh sometimes a 
denser nucleus, immarginate or c*iip-shapod. llymenium Ijeanng 
two distinct kinds of basidia in diJIcroiit genera. Spores reni form, 
ill some cases divided, and in others not. — Illustrative Genera: 
T rente lla^ Dill. ; Daerifniifcea^ Noes. 

Stnicturo and Lifo-hlfttory. — Tu the gomis Tremolfa the hasidia arc 
at lirst Huhgloho.se or quite H]>hericul, and dividcal from top to hottoiu 
into four ecpial parts. I’heae sogiuonts either re lunin united or bc‘come 
divergent from eaeli other, while they grow out to the margin of the 
fungus in the form of long liyphae, and produce there g(‘nenilly undivided 
and kidney-shaped Huon‘M. " In Daert/mt/res and Om^nnia ‘the basidia 
are at first claviiorm, out suhsecpiently gTow out in the form of two tliiclc 
diverging arms, on each of which is produced one roniform sports 

There arc usually present in thoR^ plants in gi*eal ahmidonce very mi- 
nute spherical or ovoid sp('rmatin, product*d in regular spermalophorous 
appjiratus. Their function is unknown. The ordinary 8])ores reproduce 
the ]>lant directly, '.riie consistence of these plants is \ cry gtdatinous and 
collapses on (hying. If, however, tluy bo placed in water, they very soon 
absorh it, and lu'come again distended to their former extent ; and this pro- 
perty is found to he of gr(*at use in examining old specimens. 

8ul)ord(T 2. ITymenomtcetes. — ]VI yccJi inn floccosc, giving rise to 
a supcriicial hymenium on which arc jirotluccd clavatu handut 
bearing at the a])ex usually qiiatcrnatoiy, slightly stalked or 
sessile spores. Tho substance of the plants viiriiis from gelatinous 
to w oody. — Jlhrstrative GtMuu\a : L. ; Jhleins^Yr, ; Poly- 
2 torv/t^ Fr. ; Hydnmn^ L . ; Corticittm, Fr, ; Olnvaria, L. 

Btracture and Life-history. — This group is the best know'll of all the 
Fungi, and includes tlie conuuou Mushroom, to which all its members hear 
more or les.s resen iblan(!e in organization and reproduction. The common 
fonn is that of a pileus raised uptui a stalk or stem, and bearing on the 
under surfaces hmitdlm or gills (A(/aricmi)yi)unis or teeth (Jlyd- 

navel), on the surfaces of which are situated tho basidia, wliicli bear the 
spores (tig. f)lo). ^he spores arc the only reproductive organs and, so far 
as is vet known, are a«exual in their origin. On jrerminatiiig, they give 
rise directly to n new mycelium, wdiich hears again the spore-producing 
plant. Attempts have been made at different times to discover tho exist- 
t;nce of a sexual agency in the production of these spores, but as yet un- 
successfully. Among the basidia are seen other cells of similar shape and 
usually larger size, called cystidia ; and it was at one time conteniled that 
they were male organa, but no special function seems to belong to them. 
They are probably only barren basidia. Tho mycelium is entirely, or 
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nearly so, iinderprround, and that part which is commonly called tlie 
fungus is the receptacle. 

The Agancini are diatingiiishod from the other TTy mcnomycetos hy the 
hymeniuni beint? always inferior, and spivad over the surfacj? of prills 
which radiate from the stem. The gills may he either simple or branched, 
and attached to or distinct 


from tlife stem. The spores 
vary in colour; but one colour 
is constant as a rule to a gouus, 
unless in the case of the largo 
genua Agariensy where tho 
cidoiir of tho spores is used iia 
the basis in forming groups of 
the different subgenera. The 
stem is sometimes cartilagi- 
noiis, and soiiietiiues fleshy, 
and also varies in colour, but 
according to the sneeies and 
even to its age. Tlioro is to 
be found on the stem in some 
genera and suhgonera a ring 
or mtmdmy which is all tliat 
remains of a veil or covenug 
{relum ‘partiate^ which united 
that part of tne stem with 


Fig. 5ir). 




stem with 


The Mn«hrooni {Afjnricua — A. Fruit, 

sliowin);; the cxpniiHion from tho volcft^ liiul th<* 
voil tt'ariri^r away and thi* onniiliiH. 

B. Soofiou of “gillB,” meffiiifloil r>() diamotiTH. 

C. BiMidia and epurea from ditto, niiitf;n. ‘100 
diuiu. 


tlie. outer edge of tho cap or pilous, but was ruplurod on the expansion 
of tho latter. In certain subgenora of Agaricm (e. g. J^ofrana, Amauifa) 
tlie whole fungus is enclosed at first in a mhn {ivhnn wiivvrmlr^y which 
on bursting falls away and is independent of the cuticle on the upper sur- 
face of tho pileus, hut remains attached to tho base of tho stem. Soine- 
tiniOR, as in Amanita, both forms of teil are found togotlier. Tho s+cun 
is not always central, but is also found to ho eccentric and even lateral, 
as in PhiurotaSj in wJiioh it is usually very mu(;h suppressed, ^rhere are 
more esculent species of Agaricini than of any other group of Fungi. 
The species are usually terrestrial in habit. 

In the Polgporei tlie hyineniiim is spread over the cavity of tubes or 
pores, and is in some cases inferior and in others superior. Tlie texture 
of the plants is, as a rule, more cartilaginous and woody than that of the. 
Agaricini. The genus Soletus has the habit of an Agaric, and usually 
its central stem and ttjxtnre. Tlie hynionium is distinct fr<mi tho hymeno- 
phore, from which tho tubes are ea^ly separated. The genus Po/gponra 
IS, on the other Iiand, diHereut from tho Agarkini in habit — the stem 
when present being usually lateral, and the 'texture of tho whole often 
very woody. The hymenophore is not easily separated from the pores. In 
tlie resupinate forms the pores open upwards, and tho habit of the fungus is 
crust-like. The species of this genus grow, as a rule, on stumps of trees 
and other woody substances. 

The bymonium of the Hgdnacei is inferior or amphigeous, and spread 
over teeth or spines, which are soft, usually of the shape of an awl, and 
distinct at the base. Some of the epfjcics are in the form of a etalkisd 
pileus with the teeth on the under surface, while others resemble the 
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rtmiipinate forms of Pohfpnrei. Several of tlie species are fleshy and 
edible, but otlierB are of a corky texture. 

In the Anriculnrini the hynienium is confluent with the hvmenophore, 
which is even and very rarely veined. I'he habit is generally the same 
as in the PoIyriwcL 

1'he liyincnium of the CUtvarinei is scnrcelv distinct from the hvmcno- 
phore, and is ampliigeous, nnd reaches to the apex of the plant, which 
IS sonietimos cliib-sh>ip(*d. and sometimes in the form of spines usually 
growing together nt the base. I'he surface is at flrst smooth, but becomes 
wrinkled aftt^rwards. The plants are never iiicnisting nor leatherv, hut 
are usually at first gelatinous and afterwards horny. It is said that 
sevenil species are esculent. 

Suborder 3. Gahteromycetes. — F ungi forming roundish angio- 
carpous receptacles consisting of an older layer or peridiiim enclosing 
masses of tissue on which are borne the livmenia. The spores are 
borne at the points of basidia, one basidium often producing ns 
many as eight spores. The spores are libf'rated either by the simple 
bursting of the peridiiim, or by tbo development of particular 
masses of tissue. — Illustrative Genera: PhnUvs^ L. ; Lyco'perdo^i ^ 
Tonrnef. ; Hummof faster Yiit. ; Nidalaria^ Fr. 

structure and Life-history. — In PhnVm the peridiiim resembles the 
universal volva of soiiu* Agarics in the wav in which it envelopes the 
iiitevrinl part of the receptacle, and also in its manner of bursting. 
Within tW volva is a gelatinous stratuin, and within that again the 
hynienium, which is very deliquescent and covered bv an inner peridiiim. 
<)n the bursting of the peridiiim (ar volva) tlie hynienium is elevated in 
a sort of pilous by a stalk, as in the volvato Aparhini. In Vhthrvs^ an 
allied genus, the receptacle forms a globose network. In Batarrea there 
is also present a iinivcrMal volva, and the hvmenium is similarly elevated ; 
hut in Lyeoprrthmy Ilymmoyaater^ J^uhtlaria^ the bursting of the 
peri di urn sets free the spon»s without any such elevation, the hymeninm 
remaining in the interior. The spores reproduce the mycelium, on which 
the same jdant grows jigain without any interniediiite stage as far as is 
known. I'lie Ihifl-bnlls {Lycoperdon) and Stink-horns {PhaUus) are 
typical of this Order. 


ASCOMTCETES. ♦ 

Diagnosis . — Fungi growing chiefly on tho dead parts or remains 
of plants, more rarely on living plants or organic solutions. The 
spores of this Order are formed in asci by free cell-formation, 
and are distinguished by the name of usvospore^. From the germi- 
nating' ascospore there proceeds a mycelium consisting of densely 
braiichidg hyphro, which deyelops either within the host or spreads 
on its surface, and is sometimes short-lived, and sometimes per- 
sists for years. In most cases it is in a position to produce 
asexual reproductive organs stylospores, and spermatia. 
The conidia are borne on conidiophores or special branches of the 
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mycelium, and the stylospores and spermatia are formed in 8poc*ial 
conce^)tacle8 (pycnidia and sperinogonia respectively). The myce- 
lium IS extensively reproduced by these asexual organs, and in 
many species they are the only reproductive organs known. In 
all cases, however, in wliich the complete life-history has been 
followed the same mycelium has been found ultimately to produce 
sexual organs, and, as a result of the fertilization of these, a 
fructification, in the asci of which are formed the ascospores. This 
completes the cycle of generations. 

This group is divided into the following Suborders : — 

Suborder 1. Discomycetes. — ^Fungi living on dead organic 
bodies, and forming on the branches of the mycelium sexual organs 
—the curjiof/oniuiH (female) and the imllinodium (male). From 
th(* fertiliziid carpogonium, or, as it is then called, ascoyoniimi^ there 
arise the asci in which the ascospores are forD)ed. The ascospores 
germinate and reproduce the mycelium. The hymenium is super- 
licial, and on it are always the asci, and usually paraphyses, con- 
sidered by some authors to be abortive asci. — illustrative Genera: 
tlelvella^ L. j Morchella^ Dill. ; Peziza, Dill. ; Dennatia, Fr . ; Pa- 
tdlarid^ Fr. ; Phaddimn, Fr. ; JStictis, Pers. 

Structure and Life-history. — The life-history of Asrobolw, as detailed 
hy Janezow'sky, ia typical as regards Discoiiiycetes geuerolly. In it 
the poUinofliuni aud the carpugoninm consist each of a series of short 
crook<?d cells arising on neighbouring brandies of the mycelium. The 
ihiii crooked cells of the poliinodium cmibrace the more rcmioto end of the 
sauaage-sliaped carpogonium, and in this way the fertilization takes place. 
In consequence of ferlilization, one of the colls in the middle of the caipo- 
gonium grow's larger than the others, and becomes globular in shape ; it 
is distinguished by the name of ascogoniuiu. The ascogonium then sends 
out numerous hyplue on which borne the llask-shaped asci, and in 
them the ascospores, 8 in number. Thehyphio of the mycelium on which 
the sexual orgaius are Ijonie. produce by riipoated cell-division a dense 
mass of pseudo-parcnchyrae, which surrounds the carpogonium and forms 
the steiile part of the fructilicalion. The paraphyses which are borne on 
the same hyphm with tlie asci are situated oetween the latter, and may 
serve, according to Houdier, to assist in some way the dehiscence of the 
asci ; tiny are generally regarded, however, as abortive asci. The whole 
fructification is cup-sliaped. 

Th(^ sexuality was fiivst discovered in the Ascomycetes by Professor de 
11:117 ill the case of 2*vzka confiuem. The process of fertilization, <&c., 
though dilTcriiig in this case from that described above as occurring in 
AiiroJjftlNiij agrees in alletsscnlial details with it. 

There are certain species of Feziza the mycelium of which forms 
conidia, and the unripe fruit is represented by a resting sclerotium. This 
has been observed by Prof, de 13ary in Peziza Fudteliana, In it the eonidia 
are formed on the mycelium prior to the sclerotia, and reproduce the my- 
celium extensively. No sexual process has been observ^ in connexion 

2u 
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■with tho formation of llio sclerotia, wliich conM of a dense mass of 
hypliBD enclosed by a black rind. If the sclerotia frerminate shortly after 
their formation; the result is a mycelium which benrs conidia n^ain ; but 
if pfermination is delayed for a month or two, a btisin-shapod Inmcnium 
is formed; on which asci containinjf ascospores arise. 'Jins form of fructi- 
fication is that commonly knowm as Peziztt I\ickeliana. 

The sperinatia borne in the spormoponia have, until lately, been believed 
to be incapable of f^eriniiiation ; but M. Cornu states that be has caused 
tliem to germinate and produce a mycelium like the conidia. In Peziza 
and tho allied genera tho whole friiclifi ration is basin-shaped, with ilie 
iiyiueiiium on the inner surface of the basin ; but in other coses, e. g. 
morchellaj Helrellay Spaihulnriay Geor/lomwi, &c., it takes the form of 
clubs or stalked caps of con>iderablesizo with the liymenium on the outer 
Burface. Our present knowledge of the processes of fertilization, &c., in 
the Discomyceies is the result of the labours chiefly of Tulosiie, De 
B.iry, and Janezewsky. 

'file species of Morvhdln and HvlvcUa are, as a rule, esculont, but none 
of the other forms of Jliscomy cotes have attained any reputation for this 
quality. 

The genufl Gyynmasicus is an iissemblage of nmall and very simple 
Ascomycetous Fungi growing on dung. Its mycelium begets numerous 
sexual organa, which, up to the time of fertilization, are (male and female) 
exactly alike. After fertilization tho rarpogonium divides into a series 
of cells, from which there grow out short, branched cells, on which the 
asci containing 8 spores are borne in abundance. I'ho fructification is 
quite destitute of a covering. Though not agreeing with tlio general 
chnract(*ri8ti(:8 of the Disco mycetea, it is yet more nearly akin to them 
than to any other forms of the Ascomycetes. 

Suborder 2. Ebtbiphe^e (fig. 1 B, p. 8.). — Fungi growing on living 
plants and dead organic bodies, and consisting of a mycelium which 
spreads on the surface of the host and seiids into it numeroiis 
Jiaastoria ; forming small globular fruits with thin coverings, which 
enclose one or several asci springing from a carpogonium. — Dlus- 
trative Genera : DC. ; Eurotium^ Lk. 

structure and Life-history. — The species of Ey'ifstiphe grow on the 
leaves and green stalks of Dicotyledons — more rarely on Monocotyledons. 
The mycelium ramiUcs densely on the surface of the host-plants, through 
the epidermis of which it sends down numerous haustoria, and is repro- 
ducea by conidia produced in series at the end of unbranched conidio- 
phoyes. As in many AKomycetous and other Fungi, the conidia are tho 
only forms of reproductive organs known in certain species, and this has, 
in the case of JErysiphe, os in the others, Iwen productive of conf^usion of 
genera. For example, JSn/mphe Tuckeriy a vine disease, was long de- 
scribed as a species of Oidium, On the other hand, in many other 
species of Erynphe, the sexually produced fructification is easily to be 
found either adhering to the mycelium threads or free. Both conidia and 
the sexually produced fruits are borne on the same mycelium. The car- 
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pogoniiim is surrounded by numerous pollinodia, and fertilization takes 
place in tbe same way as in tho IHsconiycetea. In some species the 
fertilized carpogonium contains only one ascus of an ovoid shape, which 
encloses eight ascospores. In other species the carpogoniiim contains 
several asci. 

The species of ISw’otiitm, e. g. JS, repens and JS. (Aspergillm') glaucns, 
agree in the essential details of their life-history with those of Brysiphe. 
The mycelium is Hoccoae, and may be found on the surface of the moat 
varied dead organic bodies. First are formed conidia in great abun- 
dance in clusters at thc^ apex of the conidiophores, and these reproduce 
the mycelium so plentifully, that this fact, coupled with the easily 

satisfied re 5 [uirement 8 of the fungus in the matter of nosts, accounts for 
its exceedingly wide distribution. On the same mycelium there arise 
afterwards the sexual organs. The caimogonium is the end of a mycelial 
hypha closely wound up in the form of a corkscrew, and providedf witli 
scwerjil transverse septa — one to each turn of the screw. From 1 ho lowest 
turn there arise two tubes which grow up on the outside of the carpo- 
gonium ; one gi*ows more rapidly than the other, and reaches the top of 
tho carpogonium, with which it conjugates. This is tho pollinodiiiin. 
0th or cells then grow out from the bottom of both organs and envelop 
them. After fertilization tho carpogonium divides into several cells, on 
the branches which proceed out of which the asci, containing 8 spores, 
arise. Tliese ascospores germinate as in the other Brysiphe<e, and produce 
a mycelium which bears first conidia, and again the sexumly produced 
fructifications — ^perithocia. 

Suborder 3. Tubeuace^ (fig. 1 C, p. 8).— -Fungi forming usually 
large subt-erraneous tuberous fruits, possessing a thick wall {perU 
(Hum) of psoudo-parenebyme, enclosing a dense mass of byphro, 
among whicli the ascogenous threads form many asci imbedded in 
the sterile threads. The mycelium is usually very small in com- 
parison with the fructification, and conidia are known only in the 
case of Penicillium glaucum. — Illustrative G-enera : Tvber^ Mich. ; 
PenicifMum, Link- 

Btrncturo and Life-history.— The mycelium of PenictUium glaucum 
grows on almost all organic suhstanc^cs, and produces long chains of con- 
idia on erect conidioplioi^s in such abundance as to account for their 
general presence in the air, and the appearance of the fungus on nearly 
every suitable and accessible host. It is only, however, in darkness that, 
like the other Tubcraceue, the fruits ore formed. It is well known that 
the conidia are not developed in darkness, and this formation of sexually 
produced fruits in that condition (recently discovered by Brefeld) is a 
further mark of the capacity of this fungus for distribution. The sexual 
organa resemble those of Eurotivm (above described) so closely that a 
description is unnecessary ; but tho devel^ment of the fructification after 
the fertilization of the a.scogoniuin is different from that of any other 
Ajscomycete. Shortly stated, the ascogonium after it has begun to ger- 
minate is so hindered by the growth of the enveloping threads, that it is 
compelled to rest for some time in asclerotioid state. When germination 
is induced, however, by artificial means, the ascogenous threads are seen 
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to force their way out and form aaci, in each of which thfire arc 8 asco- 
apores. These spores p^erminate and produce a mycelium^ which again bears 
conidia. The ticlorotia also when kept so lung that the ascogenous 
threads have lost the power of forming asci, germinate and form the 
usual conidia. TJie sclorotia are in structure so similar to tho well- 
known fniits of tho Tuhifi'acea: (Tiiiflies), that, how(-ver, strong the 
rc'semblance of the sexual organs may be to those of Eiirotimny Ukjv 
must be classed with tlie former. In no other species of Tuhevaceoi have 
conidia been observed. 

Suborder 4. Pibenomtcetes. — Pungi growing usually on dead 
organic br)dies and on living plants, ami forming rouud or flask- 
sliaped conceptacles (jyeritheem) u ith walls of pseudo-parenehyme, 
and containing long club-shaped asci, each of which produci‘S (as 
a rule) 8 sport^s. Tho poritheeiuin is in some cases open at first, 
but in others an opening is ultimately formed in the neck of tho 
fiask, through which the spores are emitted. (It is not yet clear 
whether this fructification be gejierally the result of sexuality or 
not.) When the ascospon^s germinate, they produce a rriycedium 
on which are formed conidia, stylospores (in pycriidia), and speriri- 
atia (in spermogoiiia). In many species one or more of these 
organs are wanting, and in many others one or more of these are 
present and tho perithecia wanting. — Illustrative Genera: Glavi- 
cepSy Tul. ; Nectruiy Tod. ; ^plmruiy IJall ; Xylariay Hill ; Dichmuiy 
Pr. ; Venturuiy Pr. ; Stiymatea, M. 

Stroctnro, 4bo, — Tn a number of species (e. g. the Bphacn'icc mnpHccn) the 
pf^rithecia arise on a very fine myetJium, singly or in groups, mid in such 
cases it seems to bo probable (from AVoronin’sobsen ations) that they are 
the result of a sexual act. In other cases, however (os in Xylaria), the 
perithecia are fonned on larce clid>- or basin-sliaped stromata, consisting 
of dense masses of tissue. It is uncertain whether the stroma be merely 
a receptacle, or whetlier there tjikos place in it a si^xual act which gi\ es 
rise to the perithecia. Tho conidia are formed not only on ilie mycelium, 
blit also on the stroma or oven (as was scson to be the case in Pmicillivm) 
on tho wall of the pOrithecium. Sometimes conidia and stylospores of 
two different forms occur in tlie same species. It has been suggested that 
the spermogoniaandpvcnidiaare merely jMirasitic on the Pyrenomycetes ; 
but this view has, in the case of the pyciiidia, been recently disproved by 
the rosooi’ches of Dr. Dauko, and in the cose of the spenuogonia by 'rl, 
Cornu, who was the first to cause the spermatia to germinate and repro- 
duce toe mycelium. This Suborder, like the Discomycetes, includes a 
great ipimbcir of forms, many of which seem to bo only stages in the life- 
history of other plants, and which have received the names of distinct 
genera and species. 

Suborder 5. Lxoheneb (figs. 516 & 517). — Pungi consisting of a 
thalluB of demsely interwoven hyphcD, sometimes forming pseudo- 
parenehyme, deriving their nourishment from minute Algm 
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(formorly called gonidia) imbedded in the tballus (such as 
Ptdmdla^ Nostoc, &c.), and forming regular organs of fructifica- 
tion (apotheeia) containing asci, in some cases known to be the re- 
sult of a sexual process. There are 
fonnc^d also on the thallus spemw- 
ijouia couiainiiig spennaiia (the male 
organs, which have been proved in i*er- 
tain cases to fertilize a female organ 
called a trichoyifne) and occasionally 
Plfcnidia, — Illustrative (jenera : 

Opegrapha, Pers. ; Umbilicaria, 

IJolfm. ; Verruca ritif Pers.; Eudo- 
carpou^ ITedw. ; Sphtrojfhoron^ Pers. ; 

Cladonia, Hoffm. ; Lecif/ia^ Ach. ; 
fStereocaulon, vSehreb. ; Parmelia^ Pr. ; 
fSticla, Schreb. ; Cetraria, Ach. ; 

Jtoccdla^ DC. ; Ramalinu, Ach. ; 

Voile ma^ Ach. 

Structuro and Lifo-hlstory. — 'Phe para- 
sitism of the fimgrtl poVtion of tho Lichen 
tliiillns is not of such a nature ns to 
cause the death of tho host alga, but th(» 
relations seoin to be so equally balanced 
as to allow of tho nrotracitul mutual 
existence of both. To illustrate this 
and tho life-history of the Lichenes 
two instances will perhaps bo sulficient, 
both of which are from the recent re- 
searches of Dr. Stahl. 

Sexuality is nf)t known to exist gene- 
rally in the. Tjichenes ; but since it has 
been established in tho Collvtmcetrt (an 
important subdivision) we may fairly 
conclude tliat the matter only wants 
inve.stigation to bring more instances 
to light. In this subdivision the minute male colls or spormatia 
are formed within (dostjd receptacles called sperniognnia, and, unendowed 
with the power of motion, reach the female organs by the conduction of 
water (rain, &c.). The female organs or trichogynes may be said to be 
composed of three parts according to their function : — (1) ajpicellular organ 
of conception, (2) a conductive canal, (3) an ascogonium in the form 
of coils, also coumosed of several cells which, when fertilized, give rise 
to the spores. The point of tho trichogyne is protruded through the 
surface of the thallus, in which the rest of the organ is imbedded, and 
tho spermatia coming in contact with it, tho contents become amalgamated 
with the result of fertilization. The first result of the fertilization is seen 
in the increasing size of the cells of the ascogonium, aud also an increase 
in their number by the formation of transverse septa. The parapbyses 



Fig. nis. A. Furtilo branch <a‘ tin* 
thallun of Spkitrophoron coraUoideti, 
with ft, n perithocinm, aiul«,Pi)or- 
uioffonin ii. Theou} find {wira- 
)>hyiit!(i from tho poritheoium. C. 
Hpf>rmatia from tho Hiiormo- 
^oniuin. 

Fir. ol7. A. Branch of Jlama/inti 
fruiinea, B. A fruRmimt with 
ii)N>thecia. C. A soction of u 
friiRmunt raaRnitlod, showing, a, 
apothccium, and spermogonia. 
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then spring from the primitive coil of the nscugonium and increase in 
number with the formation of the hymenium, on which ultimately the 
asci arise froiu the ascogenous threads. The production of spores by the 
nsci terminates the generation. 

As to the relations between the poi'asite and host, the following instance 
will prove illustrative. The Algae embedded in the host received the name 
of yonidia before their nature was truly understood, and it was gcn<;rally 
supposed that they were special organs. A smaller form of gonidia, called 
tlui hymenial gonidin, was found to occur also in the empty spaces of the 
apothocia of many Lichens. They are the offspring of the true gonidia by 
division, and are carried up in the hymenium by the growth of the hypliae. 
They are cast out of the apothecia along with the 8 poi*es, and the spores 
on germinating envelope with their germ-tubes the hymenial gonidia, 
which increase in size and become the thallus-gonidia the new liclien. 
This has been observed in Dennatocarptm SchtBreri and Polyhlwsitia rttyii- 
losa by Dr. ytahl. Beside the Dtn^matocarpon there grows a species of 
Thelidium the gonidia of which are the same species or alga (of the genua 
Pkurocnccif/t) as tlioso of the genus Dermatocarpon. If the spores only of 
the TMidimn ho brought together with no other organisms than the 
hymenial gonidia of the Dt^rmatomrpnnj the thallus of the Thvlidium 
with the characteriatic fructification may he obtained on a suitable sub- 
stratum, thus proving tliat t}i(‘ same species of gonidia can nounsli two 
Fungi of even dilfon*nt genera. It must not be assumed that the ab(»vo 
liistory of the gonidia is true of all Ijichens under all circumstances, siiu^e 
no doubt the great majority of Lichens find their hosts in a more acci- 
dental fashion. The gonidia reproduce ihomsolves exiictly like the free 
individual Algm of the same species or genus. 

DlstiibntloiL— Lichens grow mostly in exposed situations, such as on 
rocks, walls, trees, in all parts of the globe. Thty form a ver^ large 
proportion of the entire vegetation in tlic higher regions of inoimtams and 
in polar latitudes. Tlio thallus has usually a dry, dead-looking aspect 
(though sonn'.tiines soft and pulpy), and is of a fuliaceous or scaly and 
crust aceous form. It varies much in size. 

Qualities and Vaes. — Many Lichens are very nutritions ; a number of 
them yield valuable dyes ; some are medicinal, others aromatic. Among 
the more importiiiit nutritious kinds are i—Cladonia rimyifei imj ‘‘ Keindeor 
Moss;’’ Cetraria ialandica, Iceland Moss, and C. nwalis] Umhilicaria 
(various species), constituting Tripe-da-roche^' of the North-American 
hunters ; Lecanom esculmda (Tartory) and L, Sticta ptUmonariuj 

iV'c. From Lmmora tartarea, the purple dye called Cudbear is obtained ; 
Parmelia parietimiy ct)inmon on walls and roofs, gives a yellow colour ; 
Roccella thwlona (Mediterranean and Cape-Verd Islands, &c.), R, fu- 
ciformis (Madetra, Angola, Madagascar, S. America), and R, hyponwcha 
are Oicliil-weeds, from which the dyeing material Orchil or Orchtd is ob- 
tained— being obtained from* thesw and otlier species of Roccella, 
Some species contain a considerable quantity oi oxalate of lime in the 
form 01 crystals, 
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When young, naked, mobile, in consequence of which the masses 
of plasmodiurii have a changing form. These masses, at the time 
of fructilication, sometimes dividing themselves into single parts, 
arc transformed into motionless fruits. Eruit either irregular in 
form (plasmodioairjj) or regular {sporangium). Sporangia, through 
fusion and union, produce now and then compound fruits {^l^tha- 
Uuni) usually of considerable dimensions, of regular or 
irregular form, naked, or covered with a common coat (ror/t'.r). 
Spores produced within the fruit through free cell-formation, or 
oil the surface through division. The contents of the spores at 
the time of geriniriatiou give rise to either at lirst a naked zoospore, 
provided with a nucleus, a cramped vacuole, and long cilia, or to 
an aijunboid. These zoosjiorcs or amceba), flowing together in 
masses, give rise to mobile plasmodia. {RostaJinsl L) — lHustnilive 
Oenera : Fhgsarum^ IVts. ; iJidgmiiim, Schritd. ; S 2 >amaria, Pers. ; 
iSttmoiuiis, Gled. ; AmaarochirU^ li. ; IJictgostelium, Bref. ; CVi- 
braria^ Pers. ; lieticularia, iiuU . ; Trichia, Hall ; Ltfcogala, Mich. 

structure and Life-history. — The Mvxomycetos present in tho course of 
their life phenomena so entirely diilerent from tliose occurring in other 
Tliallophyles, that it ha-j, with much reason, been proposed to s(!parato 
tliem trom this great group, and to phice them among animal orj^atiisms, 
to which at least one stage of their existence shows the. grcMilest simi- 
larity. The mobile or plasiiiodiiiui stage resembles very strongly the mobile 
amoihfPj of the animal qualities of which no doubt has been entertained ; but 
the fructification is so little like the encysting ” of these animals, or any 
i»ther process in animal life, and moreover is so fungal in its nature, that 
this proposition has not been generally accepted. Not only the habit of 
life, but (weu tlie processes of nutrition of tho plastnodium stage are 
animal. — Theso organisms are to be found in damp situations, on rotting 
wood, leaves, &c. 

The whole of tliis subject is so hirge and many-sided (and its relative 
importance hero is so small), that for details of the life-history of tJi(»so 
organisms the student must be referred to I)e Bnry^s ‘ Mycetozoii,’ and for 
their systemutic disposition to liostjitinski’s Monograph of tlie Order. 
Incidental reference will be found to them under the head of Physiology. 

8CIIIZOMYCETES. 

The Schizomycetes^ which are the lowest forms pf life known, 
inhabit fluids which contain organic matter. The majority consist 
of extremely minute cells which neither in their membranes nor 
I'onteuts exhibit any marked characteristics. They are usually 
present in great abundance wherever putrifying organic matter is 
found. Among them are included such forms as Bacteria^ Sarcinas^ 
Vihrioms^ tSpirilla, some of which show a slightly higher organiza- 



472 


BXSTEMATIC BOTAlTr. 


tion than others in the possession of cilia by which motion is effected. 
They usually multiply by simple segmentation; but in such castes 
as Baeillas an apparent reproduction by means of sporules has b(MMi 
observed. It is probable that some of these organisms are Htag(‘s 

Fig. 518. Fig. 619. 



Fig. rt 1 8 Vjirioiis of Ttitcfi*ri urn . 

Fig. Sn^. liacittnum iennu, magii. Ji-KM). 

of some more perfect plant. The small Schizomycetes call(*d 
liaeterui are often found growing on the mucous surfaces of living 
bodies and on wounds, Ac. ; and on this subject there has arisen an 
extensive literature, which is of inore medical than botanical 
interest ; and tlmro is no doubt that, in a great multitude of eases, 
the observers have mistaken the products of the decomposition of 
organic bodies and crystalline pnjcipilations of an inorganic iiatuni 
for Bacteria, Whether the Bacteria are the rcjnl causes of fin*men- 
taiion and of various diseases, or wlu'thor th(W arc) merely 
concomitants of those processes, is a debated point upon whieli 
it is impossible to enter hero. 

Allied to the Schizomycetes, though of a higher organization, 
is the genus SoccJiaromi/crs (or Tonda), to whicli the Yeast-plant 
belongs. The yeast-plaut consists of single, roundish minute cells 
of greater size than those occurring in the Schizomycetes. It 
inhabits fluids ivhich contain sugar, in which it excites alcoholic 
fermentation. The cells contain true protofilavsm, which can easily 
be recognized as such, and in which vacuoles are usually to be found. 
They multiply by simple exogenous or endogenous segmentation 
A, p. 8, fig. 587, p. 562). 

The life-history of the Vcast-plant is further ireabid of under 
the head of Nutrition in Cellular Plants, to which the student is 
referted (see p. 652.) 
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CHArTER I. 

niYSIOLOaiOAL ANATOMY OF PLANTS. 

Sect. 1. The STiiu<yrirEE or PtwVNts. 

The Physiology of Plants is that department of Bofany whicli tnjats 
of the phenomena of the lAfe of Plants, as manifestod in a Heri(»K 
of changes taking ])lace in the diverse organs of vvhicJi each plant 
is composed. These organs, as we have already seim (MourjroLtM.'V, 
(liap.i.), are not simply fragments, eomhining to increase the bulk 
of the object (their size alone having no definitci relation to tliat of 
the entire plant), but they are inslmments^ variously occupied in 
performing the different functions, the continuous operation of 
which indicates tlie existence of what we call Life. For morpho- 
logical purposes it is lK3st to use Ihe word “ part ” or “member’^ 
without reference to physiologi(*al function, which may be dilhu’ent 
in parts of the same morphological nature. For physiological 
purposes the term o/v/aa is now employed. 

The external characters of the parts of plants, generally, have hceji 
described in the First Part of this work, aim an indication of their func- 
tions has been conveyed by their classiticatioii under thci lieads of Vege- 
tative and Reproductive Orgnus. Rut the object of the Morphological 
chapters was to'’ point out the conditions and relations of Form, as pro- 
duced by the external sliapes of the individual organs and their inodes of 
combination. Here we have to examine the plienomena of Vitality, as 
displayed in the changes they present in the course of the Revelopineut, 
Growth, and Multiplication of Plants. 

Tho physiological Organs of plants are themselves composed of 
a number of parts, which again exhibit a kind of completeness of 
their own, and a relation to the organs analogous to the relation 
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of the latter to the entire plant. These ultimate parts of organic 
bodies, arrived at long before we reach the limits of the possible 
mechanical divisibility of the objects, constitute the “atoms,” 
physiologically speaking, of plants, and are called the Elennentanj 
Onjans. 

Under a^rtain limitations, we may compare a plant, or an organ tjf a 
plant, to a crystal. Kacli has its deiiiii to character by which it is possible 
to distinguish it from any other object. But we might pulverize the 
crystal, and yet any one fragment of suilicient size for operation would 
display to the anal^'st all the chemical qualities of the entire* crystal ; 
and if we dissolved such a fragment and crystallized it upon a slip of 
glass, we should perceive bv nu'ans of the microscope that it solidified 
into ti miniature repnisentation of the original crystal ; moreover, if we 
then collected all the fragments and dissolved them, we might by rareful 
evaporation reprejduce a crystal exactly like that from which we startf'd. 

In Vegotabh*s (as in Animals) the case is entirely different. Wlien 
we cut a plant in pieces, the parts differ not only in form but in 
striicturcj, and bear no longer any rt)coguizable relation to each otlier ; 
wc cannot reproduce the plant from tliem, and even the chemical ex- 
amination of difliircnt fragiiieuts may give most diverse results — ultimate 
aiuilysis alone, by which tliey are resolved into their mineral elements, 
arriving at the detection of a common bond among them, that of being 
formed of compounds wliich we only meet with in organic mattm'H, Above 
all, in the act of subdivision, although this may be carried to a high de- 
gree in plants without destroying life (even sometimes within the limit 
of single organs), beyond a certain point it results in the annihilation of 
the esp(‘cial force, the organizing or vital principle, by which the organs 
wen* made to combine their activity to produce the aistinctivo character 
as an independent individual object. 

^rhe diversities of form aiid consistence of the Elementary Organs 
give rise to all the differences of physical condition in the organs 
of vegetation and reproduction ; and all those changes which col - 
lectively const itute the life of plants depend on the combination 
of a multitude of minor operations which have their seat in the 
cleinontary organs, singly or as combined into tissues. The study 
of the Elementary Anatom is th<*refore the only secure foundation 
upon wfiicii to build the J’iiysiology of Plants. 

Cells, Protoplasm. — The eleme.ntai'y organs of plauts are all re- 
ferable to one primary type, which is not only recognizable through 
a comparison of the i’uliy developed modifications, hut is found to 
be the form in which all originate. Tliis fundamental organ of 
vegehible structure is called a Gell^ and may be defined as a closed 
sac composed of solid membrane, called the cdl-wall, and filled with 
huid, ceU-saj)^ and semifluid matter, called protoplasm. 

It must not, however, be overlooked that living plants and living 
parts of plants can exist, at least for a time,- without any bounding 
<’ell-niembraiio. The perfect cell is taken, in a morphological sense, 
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a» the fundamental unit for convenience’ sake, and because it presents 
a definite form ; it is not, however, to be regarded as the ultimate 
structural unit, because detached fragments of it are capable of iu- 
depoiident existence under certain circumstances, and the proto- 
plasm, ill which in all cases the whole vital activity centres, is 
capable of living and moving without a cell-wall. 

Oell-contents. — The cell is the elementary organ of vegelable 
structure ; but it is not the smallest or most simple definite form in 
which organic matter may exist in plants. In the contents of cells 
we find (jranules of various kinds &c., and also Jihres ; the former, 
liovvever, are not dire(;t constilneiits of tissues, but occur only 
amowj the caiiUnits of cells, as more or less transitory conditions of 
assimilated matter; while the latter merely form parts of the 
structure of the cell-inonibrane. 

Uni- and Multicellular Plants. — Plants of the lowest organiza- 
tion cojisist of the ultimate or elementary orgajis in their simplest 
forms, and may even ho so simple as to coii&ist of a single ele- 
mentary organ or cell (figs. oOli E, A step higher, we find 

[>lants composed of a few cells couiuicted together into a definitely 
arranged group in their earlier period of existence, and subse- 
quently separating entirely into the constituent cells, each of 
wliich lays the foundation of a new colony. 

Tissues. — By far the greater part of the species of plants aro 
composed of an iiidefiniUi number of cells permanently combined 
togetluir and formi ng what are t ermed the tissues. If the cells eiit ering 
into the composition of a tissue are essentially alike, they form a 
simple tissue ; if cells which have undergone modifications which 
give them an essentially diverse character are combined in an ana- 
tomically well-defined tissue, this is called a compound tissue. 

In tlie Algie, especially the simpler membranous or filamentous forms, 
we may readily see the uniformity of the character of the cells throughout 
the thallus (p. 435) ; tlie same uniformity prevails through the cells of 
such tissues as the pitli of Dicotyledonous stems, &c. But if we examine 
the wood surrounding this pith, or even the ribs running into the lea^es, 
we find a variety of conditions of the elementaiy organs within the well- 
deiined limits of those portions of woody tishue. 

Cellular tissue. — The simple tissues of plants are divisible again 
into two primary groups, according to tho mode of union of the 
(?oiifltituent cells. In proper Cellular Tissues the cells, however 
firmly coherent, are only in ccyntact by their walls, which form a 
persistent boundary between them. In a series of tissues most 
(extensively developed in plants of high organization, the cells enter 
into closer relation, becsoming confluent by the absorption of their 
contiguous surfaces, and thus converted into more or less extensive 
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tubular bodies, which, in their various conditions, form what arc' 
called the <lucts and vessels of plants. These const it, ute the V'ciscu- 
lar Tissues, 

Vascular tissues. — What are calhid the rrifsrls of plants are really 
compound elfmeiitary orjrans ; but it is not requisite to entcsr into in<u(; 
minute distinctions here, since the phenoniona of fusion of ccdls into 
such compound orphans are not very varied in phints, and in all ctises the. 
composition of the structure from a number of distinct colls is very 
evident. 

The tissues, simple and compound, ento into the composition of the 
Orpans of Vej^etation find Reproduction of I’lants u])on a eertaiu "eneral 
plan for any particular kind of orpran, but undi'i* specially iiiodilied 
arranprcmeiifs, retisrablo to a propri'easive senes of types, in the several 
larj^e Classes of the Vogotable. Kingdom. 


Sect. 2. The Cell. 

Form. — The shape and sizes of the colls of plants art' diiterniiiKHl 
causes of two kinds, namely : — their own laws of growtli, which 
are inborn and hereditary ; and the faveuralde or obsi motive influ- 
ences which boar upon their dovelopinerit in each particular case. 
Asa geueiul statement, it may be said that, the primary form of the 
Vegetable Cell is that of a 8j)hero, and that dovhtlions from that 
ty[)e are more or less attributable to secondary iufluences, arising 
from the conncjxiou of cells in coherent groups. 

The spherical form is usually found in colls dcveloptnl freely, i. r. not 
arising iroui mere subdivision of a preexisting cell. Thus wt^ find ••in- 
bryonaiy cells and endospcrin-ccllsin the ombryo-sac of I’lianerogainia, the 
spores of some Oiyjitogamia, togetlier with many of tlio lower plants c<mi- 
posed of one or few colls only, such as those of growing Yeast (fig. 
p. 552), &c., presenting the s])hen(‘al as the original form. liut by far the 
most frequent! V occurring spherical cells, such as many pollen-grains, spores, 
those in the pith of young shoots of Dicotyledons, of the pulp of fruit, &c., 
assume this form subsequentlv to the earliest stage of diwelupmimt, being 

S laced in circumstances which allow' them to expand freely according to 
leir natural tendency. 

Tlie abewe general statement is subject to certain important exceptions, 
in whicli deviation from the typical form exists witliout any interterc'uce 
with the development of the cell according to its own laws ; these arc 
met with principally in the lower cellular plants, especisUy the Unicel- 
lulitt Algae, in which we find single free cells assuming the most varied 
but specifically determinate forms. 

Examples of this are ofiered not only by the Desmidieaj but by the 
more unequivocally vegetable VanchetncBj Botnjdium (fig. 5();3, E), and 
others. 

The interfering influences above referred to are of two principal kinds, 
namely : — special directions assumed in the development, in obedience to 
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laws rojrulatinp: the atriicturo of the orpraniam, or of the tissuo, of which 
the cell forms part, (\ g. uiierjual prrow^th in particular portions ; and ob- 
struction to the possibility of expansion in certain directions, from the 
pressure of surrounding (relia. 

"I'liese influenc(^8 are very fnntful in producing varitdy of form. The 
first kind is the most important, and determines the gtmeral form of the 
coll ; the second in luobi cases alFccts merely tht5 Khti})e of its external 


Fig. r, jo. Fig. 621. 



Fifr. ri20. Mcronc-hvmatoiiR cells nf the riml of Kuphorbia ninnrieru>i». Muf^. 100 diam. 
Fig. 521. JjbiT-ccIlH of Cocog hotrynphora. Moan. 50 diuo. 

Fig. 522. Parenchyuiatous cells from the leaf of Orehie mascula. Magn. 200 diam. 


surface. The form of the ctdls of fully developed tissues is usually the 
result of both kinds of influence combined. 

• Til cells existing in (jombination we find three princiml classo.s of forms, 
referable purely to the influence of the law of development ; — (1) the 
spheroidal^ obcclient to the fundamental type ; (2) the ryhndricalf in which 
there is a more or less considerable tendency to oloiigato in the direction 
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of a vortical axis ; and (8) the tabular ^ in which there is an excess of dove- 
lopnient in the direction of the two transverse axes. 

jlie splicroidalioitvci presents every possible transition from the sphere (TVo- 
tocoeem^ figs. 514, poVen of Pansifiora, Hilmmis^ cells of cortical paren- 
chyma, fig. 520, &c.), through the ellipsoidal (usual in longer or shoi-ttir forms 
in the subepidermal parenehynia of leaves), to the ftm/orm or spiudle-ahape 
(most abundant in the cells of wood and fibrous structure, fig. 521 ), and 
the truly cyhndricaly either of moderate length (cells of (voiifcrvje, fig. 
512, &C.5, or drawn out so as to become what is terniefl ,/?///’«/ /// (cotton 


Pig. 52.8. Fig. 524. 



Pig. flertinn of n wpptuTn of nn nir-cnnal in thr pctloV of fiaqiihiria. Mngn. 300 diom. 
Fig* 024. StplIaU* oollulnr ti‘«Hne irom th#* p**tiol« of Hush. Mugn. :<(H) iliatn. 

Fig. &20. Btellnti* Imir from tho pptiolc of Nj/mpluea adtenu. Mngn. 200>dtam. 

and other cellular liairs). The spheroidal form also passes gradually, 
especially in epidermal tissues, into the tabular form. 

ModifLcations. — Secondary modifications of these forms arise 
chiefly either from partial cohesion in, lax tissues, from irregular 
growth, OP from pressure in densely packed tissues. ^ 

Thus the sjjheroidal form becomes, in lax tissues, an irregular spheroid 
in endless varieties (commonest of all in the parenchyma of leaves and 
rind of succulent stems), running out by degrees into lubed and finally 
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stellate forms, by exclusive development of the free surfaces while the 
contig'uous cells remain attached at a few points, e.ff. in cells of the puren- 
chyraa of loaves and leaf-stalks of many Monocotyledons (fig. 522), Mimi, 
SatjittaHa (tig. 52.‘{), «fec., and above all in the cellular tissue of Hushes 
(tig. 624) and the stems of various aquatic plants. In the tissiuvs of 
Wfilwitschiaj as also in Araucarm and other Conifers, very large* irr(?gu- 
larly branching colls, covered with small crystals, may be seen : these are 
somotimes called f<ptciftar cells. 

The inutii.il pressure of cells, commonly exerted in stems, in set*cls, 
hard piirts of fruits, &c., converts the sphcrt)idal into polpf/onal forms, of 

Fig. 62t». 



CcUb of the pith of Aeanihut moUU, leon in a vortical ceotion. Magn. 200 diam. 

which the more or less regular dodecahedron or tetradecaheflron^ giving an 
hexagonal section, and arising from equal pressure in all directions, is 
perhaps tlie commonest (pith of fully developed shoots of Dicotyledons^ 
such as Elder, &c.), or cuhicj found in wood^ fruits, &c. The cylindrical 
becomes under the same circumstances prismatic, either six-sided ^dth 
flat ends, or with three rhombic faces at top and bottom, the common form 
of the cellular tissue of the stems of herbaceous stems (fig. 620), or 4-sided 
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willi flat ends, as in the medullary rays of Dieotyledone, or with conical 
or oblique ends, the common form of wood-ccdls. Loss frequont ore the 
forms of sporoB and pollen-grains, sometimes only tomporfliy, sometimes 
poniianout, arising from the development of four cells by segmentation of 
a spherical parent coll ; these sometimes a})poar of the form of quarb^rs of 
ail orange, sometimes as tetrahedm^ the curved surface forming the base of 
the pyramid. In the tabular forms of tlie cell, the mutual pressure gene- 
rally confinns an originally rectangular figure, the tahular cells of eni- 
diM'jnis and cortical structure being usually of quadrangular or polynnguiar 


Fig. 527. V\g. 528. 



Fj)?. .*>27. Younc prothallinm dpvolojx'd from the spore of a Fern {Plerut »enrulata). 

200 (liiiin 

FJ|{ 528. KpideriiiiH of the lower surface of the of IleHehorw/ijuiiJutt, witli Htomata 

(a). 200 ilium. 

figure, flat above and below; but in thcf?e we have sometimes complica- 
tion from expansion, under pressure, principally in certain directions, 
cells of the euidermi.s of many plants (ixliibiting side walla thrown into 
sinuosities following a particular pattern (fig. 528). 

]3y far the groiit majority of colls in tho higher plants originate 
in forms analogous to those produced by pressure, since they mul- 
tiply by division, and the septa dividing t\\ o newly formed cells 
have ordinarily piano surfaces (fig. 527) : a spherical cell forms two 
liemispherical cells, &c. ; a prismatic cell di\iding perpendicularly, 
two half-prisms, or, if horizontally, two superposed shorter prisms, 
ifte. As a g^ueral rule these cells have a tendency to assume the 
spherical (or cylindrical) form in their earlier stages of growth, 
while tho whole mass of tissue is lax ; and if they are sot free, as 
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in the case of spores, pollen, <fec., they often become quite spherical. 
But if they form part of a permanent tissue, the i^xpansioii of the 
organ of which they form part stops at a certain point, before they 
cease to swell, and thus the iniitiial pressure comes to bear upon 
them and causes the j)rodiiction of plane surfaces. 

We may trace this by making sections of a pith of a shoot of Mlder 
from the growing point, ov puncfum oe(j 'tafionifiy downwards: at the point 
tlie nascent cells are squ irish ; lower down they have swollen into splie- 
rii-al, whih* when full-grown they are dodecahedral. The siinihir change 
IVoin cylindrical to prismatic takes ])lace in the camhium-ndU of nrninal 
stem and slioots ; hut in succeeding years the cambium-cells foriued by 
division of preexisting cells exhibit a rectangular outline lirst and last, 
only increasing in diameter, chielly in a radial dinjctioii. 

Dimensions.— -Tho magnitude of cells is very varied. About 
of ail iucli may be laktMi as an average of the diainetor of pareii- 
chyma-cells ; the cylindrical cells are especially remarkable for the 
great h'liglh they often acquire as contrasted with their iransverso 
di!imel(‘rs, and with the transverse and perptMidicular diameters of 
other forms. 

Tin* larger cells of tho pith of the El(h‘r aro about ^ of an incdi in 
diaincttu’, bill is to be regard(*d as a large, diiiniotcr in pariiuohyma. 
On the other hand, the spores of Fungi idfu’d examphis of (jxlremely 
niiuiite dimensions, such us to„,/oo ‘d’ an inch. 7’he cylindrical 
c(j11s of wood arc not uncommonly of an ijich in length; fiber-cells 
.sojii 'times from to \ or of an inch (Flax). Hairs coninosed of one 
or more cylindrical colls, and the cylindrical cells of s^nieof tin* Conf(‘rv!r, 
cs}u‘ciallv V(tt(nh(Ti(ff Urt/opsisy tk'c., and CharUy also attain longitudinal 
dimensions to be measured in inches, while their diauKaer is e^ti^unted in 
liuudreiltlis of an inch. 

The Cell-wall. — In all young colls tho wall is of membraiious 
nature, mid in many cases it always retains this character. While 
young this inonibranc is freely permeable by water, elastic and 
flexible. As the cell- wall grows older it becomes iillcred in con- 
sistence and firmer, opposing a greater obstacle to the entrance of 
wate,r into its substance, iiidopeiideutly of any great increase of 
thickiK^ss, as wo seo in cork-ctdls : when it increasi*s in thickness 
it may remain soft and flexible, or beconui very dmise ; Imt in such 
cas(;s it generally remains tolerably freely jxTineable by water, evmi 
when most dense, ^^'hile the softer kinds absorb water so readily 
that they swell up considerably when wetted. 

Membrane of living colls alw'ays appears to contain water as an oss^ntial 
port, almost like tho water of crystallization in hydrated suits. When 
dri( 3 d, cells contract more or less ; and many phenomena of bursting of 
fruits, sporanges, &c. are the result of the tearing down of weak regions 
of cellidar tissue by the contraction of firmer tissues in drying. Cellular 

2 I 
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tissnrs with soft tliick mfimhrane, like those of tlio Algae &c., conlrnct in 
drying so as to cimse tlio shri\ oiling of llio slruoluve. All such Ussiios 
nhsorli water when wetted, and swell up again, hut do not in all cases 
reassuino tlioir original flexibility. Oells of wood, liber, &e. also expand 
w’hon wetted ; but the ex})ansion takes place in a direction transverse to 
their axes, and they usually ctnitract in the longitudinal diniensioii as 
they swell laterally, ireiice, iilthough w’ood and iihrous structures swtdl 
in water, it is only in the direction act'oss the (jrahiy and cordage siinul- 
taneoiisly contracts in the direction of llie fibres. 

Diluted sidpliuiic acid and alkaline Boliitiuns cause a swelling of tlie 
membrane of most cells, of wliich udvaiilnge is sometimes taken in "woven 
fabries to render tlie stuir closer in texture. Dy soaking in an alkaline 
solution, the single fibnjsare made to sw’ell so ns to come more completely 
into contact and fill up tlio iuterstices. 

Primary, unaltered cell-Tneinbrane is colourless ; subsequently it 
becomes coloured, usually of a tint of brown, np])areiit]y by infil- 
tratioii of substances formed in the contents, since by boiling tbo 
membrane of old, doiqi-browii tissiu^s with nitric acid, or with 
solution of jiotash, tlu^ colonring-mattcr may be extracted. 

I'be original membrane of a lunvly formed cell is, as far as we 
have the means of perceixing it, a liomogeneoiis layer of substance, 
the porous nature of wbicli is, in most cases, only to be concluded 
from the fact of its jieniuMibility, no visible pores, exc(*pt in cxco])- 
tional cases, being revealed by the most perfect microscopes we 
])ossess. 

Tt is important to note this liomogcncity of tin* primary cell-wall, ns 
th(i meiidimne almost always becomes marked >vith dots and spiral lijics, 
indicating inequality of thickness, as it hecoiucs tliicker. 

This ])rimary membrane is a])pnrently a secretion from tbo pro- 
toplasm, though by some it is looked on simply as a chemical pro- 
ci])itate. .It appears to have the ])roperty of growing by what is 
called intussusception of molecules, since it ex])andB to accom- 
modate the increasing contents of the cell in cell-growth, with- 
out any indication of structure necessarily accompanying the 
expansion. 

No better example of tin’s can be montionod than the growth of the 
pollen-tube of Phanerogam in, 'wliich sometimes acquires a length of 2 
or more inches [Cactus) wilhout ever departing from the homogeneous 
]iclliculnr structure. ( \-ll-monibrniie, hoxYcvor, may increase in size by ex- 
pansion, ns w e see in the cell-dixision of Uuhuumwm, in which a thickened 
ring of accumulated celliilo.-c is sti<!tcbed out by the elongating cell and 
becomes a thin membranous coat to the latter. 

Molecular structure. — The molecular structure of cell-membrane has 
been studied by Niigeli, who, from bis researches on the constitution of 
the membrane of the stnich-graiii by means of polaiized light, comes to 
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tlic conclusidii that all tn-jfiiuic subsiaiicpa nre coiiipoat'd of vrydallino 
inolocuhis j^rouju'd in a dciiiiitn manner. When diy the molecules urn 
without interspaces ; when moist, each molecule is surrounded hv n liiin 
iilin of water. Niijreli further suppo.s(*R that each molecule is made uj» of 
a iiumhcr of atoms, similar to or ideiiticnl with the atoms of th(‘ chemist, 
'Die molecules are of dillerent siz(‘.s; those portions of the structure richest 
in >'4'iitcr have the smallest inolfM^uiles. The molecules themselves sre of 
the nature of crystals with two optic axes. It is possible that the ex- 
tremely minute dots and slrioe above meutioiK^d may have some relations 
U) this molecular structure. 

Secondary Growths.^ The walls of almost all colls soon exhibit 
a depiirtiin* from the original simple condition, arising from the 
formal ion of new liinudl.-e, more or less resembling the primary 
mejiibraiio, all over, or OAer particular ])arls of, the inside of the 
])rimary membrane. These are disiiiiguishi‘d as secnn(/anf layem 
(ligs. 521), 5d()). They are of dillerent densities, and they are 
iiHiially separated one from the other by thin jilms of watery cell- 
sap. 'Pho consistciUHJ of tlu'se layers, and tin* mode in which they 
are dispostid, produce the most import ant ditersities of character of 
the walls of fully d(welo])ed c(d]s. 



Fig. 520. Ti iihHVcrHi* Hrrdon nf of Cov<tH hoirjfotihom. ^rngii. 2t0 diam. 

Fig. 5S0, TruiiNvcrNf Hcction of a thick 'lii ailed cell from tnu iiith oi ILoya cnruona, 
Magn. 500 diiim. 


Tlie laminated condition of cell-membrane may he w'(*ll observed in 
simple cellular structures by treating fragments of Vladophora rilmmnruta^ 
or other_ large Uoiifervoid, with diluted sulphuric acid. The iMminic are 
very visible in cross 8<H?ti»in8 of tlie cells of wood and liber after these 
ha\o been b(dled for a sluu't time in nitric ofdd. These so-called laycra 
are not successive depositions, but are formed like the coll- wall itself, of 
w'^hich, indeed, they are intrinsic portions, by iiitussusceptifin of new 
particles alternately more or less deubc. Tlie term lay<T is tlierefore a 
misnomer, descriptive of an apparent and not of a real condition. 

2 1 2 



484 


PUISIOLOGY. 


Gelatinous Layers. — llosid«3S the primary membrane and ihe 
flecondiirv tormations, wo (ind in certain cases a liind of envelope 
whit'll has hetm variously exjilained by diHercnt authors. The fila- 
ments of somtj Confervoids (/Spim/ym, fip;. 51^^, A), of DeamUIlum^ 
&e., the families of cells of Palrndhtn (figs. /)04, Tilll) and Noatocli- 
inea\ are suriouiided by a coat of gelatinous consistence outside 
the ])roper cell-iuem brant'. 1'his ajipears to produced by the 
Boftoning and swelling up of the parent cells (of inaii}'^ generations) 
of the cells w hieh are surrounded by sueli envelopes. 

Cuticular Layers. — Another layer is characteristic of many cell- 
ineinlii'anes which are destined to protect tlu' siihjiieent tissues, 
or their own coiiteins, from the action of the atniospluTe, nntiu'ly 
those of e])iderinal cells and of pollen-grains and spores. Thi*se 
exhibit a suiierficial pellicle, of varied character as to thiekiitvss, 
texture, and marking, which pellicle appears subsequently to the 
lirst formation of the cell. This, likt^ the gelatinous eoat just 
descrilied, is a strueture altogether of seeondary chiirnetcr, but is 
distinguished from the ordinary secondary layers of thickening by 
its position on the ouUiik of the cell-wall. 

It is still a moot question w’hethcr these pellicles are secreted by the 
priiiuiiy membrano on thc(uilMd(*, or arc foriiuid by transformation of the 
outer laminae of the primnry ineTiibrane itself, w^liose place is then taken 
ly some of the outer secondary hiycvs. 'I’liis subject W’ill be more dwelt 
upon under the head of tlie cuticle. 

Thickening Strnctnre. — The secondary formalions on the inside 
of the cel I -membrane may (1) correspond in chara<*Ter to the 
primary wall, in wdiieh case the ccjll-wall is simply thickened by 
new lamelhe ; or (2) the lunv iay<‘rs apjiiying themselves over the 
.surface of ihe wall, leave certain parts hare, which appear a.s or 
2 )Us of various forms when viewed from the inside (ligs. 5131, a, u); 
or (3) they are ap])lied only over paj*t.s wdiieh form peculiar 
patterns upon the iiriinary wall, and appear, w’hen of sulliciont 
thickness, likey/^rcs adhering to it, spiral, annular, or connected 
into a kind of nc'lwork. 

Those secondary layers which resemble the primniy w'all, altliough 
evenly deposited, present in certain ctises an appearance as though 
thei;* molecules w ere arranged in a spiral order, since line spiral streaks 
may sometimes bo detected, afler treating them with acids and by otlier 
means, and many of them are apt to tear in a spiral direction. The 
excesc^ively delicate spiral marking here referred to (seen in liber-cells of 
Vinca, fig. 533, and most Apocynacete and Asclepiadacea, in wood- 
cells of Pirns, in the cell-membrane of Hydrodictyon, &c.) must not be 
cuiifounded with a deceptive appearance, resembling a much coarser spiral 
Bl nation, produced by treating the membnuies of CoufervaB, the paren- 
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chyma-cells of Orchis^ Cucwhitaj &c. with sulphuric acid, where the 
appearance often results from the irregular couVidiitioiis of the swollen 
laiaellas of llie cell-wall. 

Fig. 531 B. 


Fip:. 531 A. 




V 

Fif». o3l A. flf^cti<in of <»f thi‘ otulcHperm of a Suj^o-Palm Ma{;n. 200 cliora. 

Fi;;. 031 JJ. Laminated <;«ll-waiia of the cells in A. Alaf;n. oOO diam. 

The uiuroriii kind of secondary layers are sometimes acciiiiuilaled 
at one side (tig. 534), or in the angles of cells (tig. 535): tlins 
ihev are much thicker on the side ot* epidmunal cells next tlio air; 
and they till up the angles ot* the cidls of the fleshy endosperm of 
many seeds, the cells of the cMeuchtima found heneatli the rind of 
C3ienopodiacofe, and the cells of the knives of A7//n/y/crrc, of some 
.lungermaiiniaceop, &e. There is reason to believe that, in some 
instances, the cell-wall thickens at certain s(*asons and becomes 
thinner at others ; but this appearance may arise IVoin an alter- 
nately swollen and contractecl slate, and not from absorption and 
r(*de position. 

T\\(t suhjt‘ct will be alliuk^d to ugaiu under the heads of epidermis and 
intercelluiar siibslauee. 

Fitted Cells. — The de[>osits whieh leave spots of the primary 
membrane bare form what are called pitted, or, Jess propi‘rly,jj(>roas 
cells. They occur on the w.alls of most cells of the paroncliymii- 
tous structures of the higher plants, in the form of round spots 
(tig. 526), where the still incmbranons cell-wall is thinner. .In 
wood-c(?lls, in liber-cells, and the greatly thickened cells of fleshy 
endosjienns, hard sccd-coats, &c., the formation of a great num- 
ber of secondary layers upon the wall, always leaving those spots 
bare, converts the pits into canals running out from the contracted 
cavity to the primary wall (figs'. 530, 531). 

The marks are really always pits at first, as may he seen by colouring 
tlie cell-Jiiciiibrane with iodine. JJut in old wood-cVlla they appear some- 
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tiiiips bc'oonio by tbo absorption of tlio primary mombrano wbicli 

form(‘d a liiiul of dinplnaj^m over tbe outer end. 

Tliese pitted inai'kinffs may be, circular, oval, or elongated tran8ver.-ely 
or mort* or less obliquely, ao aa to approach to the appearance of slits. 
Soiiietimes the later secondary growths do not extend quite to tins edge 


Fig. 5:34. 



Fi(f. •’iJ'2. rii1n‘r-ci*l] of P»*riw itililo. 7»'» Jinm. 

Fi)r. Friif'iiiffit of ltii‘ irll iii tif;. rioJ, miifFnilliMl .*^00 (Ham. (The spiral lines on the opjio- 
Bil(‘ Hi‘h* of •hrccll hIiiiw tliroiif;)i and cros^t.) 

Fig. DSi. Vcrfii-ul scition ofi'pidermisof Vihcuui tUfwWf with many thickening layers. Magn. 
•l(N) dinin. 

Fig. t’jtlf. Tmtisversi' section of (^«*lls of the petiole of Nymphtea alba, showing the laminated 
wall. Magn. •'>00 diuiii. 

Fig. TiSn. Fragment of a pitted duet of Launts goMafrait. Ungn. 200 diam. 


of the aperture in tlie earlier layers, and the succesaivo layers may so 
retreat from this edge that the canal becomes at length funnel-.shnped ; 
in this ca.se the pit, when seen in fnmt, presents a double outline, one 
corresponding to tlie outer end, the other to the inner and wider end 
(fig. 5:10). 
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Bordered Pita. — This condition may bo fiirtlinr compliputod by Iho 
existence of a lenticular dnprossion between the contijjfuous walls of pittt^d 
colls, as ill the wood of Coinferio (11*^. 5d7). Tlie outline of this depression 
pfives the appearanois of a circle surrmiiidin^ the central pit — the circle 
beiii;;^ due to the *^r»»ater thickness of Hocoiidary {growth in that situation. 
Scdiacht, however, a'jserts that the pit U a rt^al perhiration, and, further, 
that in the very younjj condition the lenticular cavity betw(‘en tw«) jul- 
jacent cells is divided into two compartments by a thin longitudinal purti- 


Fi;r. B 



Pits or '* GlundH" of Couift-ra'. 

A. Part of a woo»l-i'fll of Ginkgo Inloba, lu vortusil Huolion. Magii. diam. B. Tranavorso 
aoL'tiuti of li \vO')il-c'oll of Pinus Pnif.i'. a, a bordorod pit or “j^land.” looo diam. 

C. Fru^irtont of th« wall of a wood-ctdl of Pinus Pinent with a bordiT«Ml pit or “Klund: " 
a, the pit ; A tl'e large rin^. caused by the lenticular intcrai»acu (u). Mugii. 10»U diaiu. 

tion, whicli is the primary deposit of the two cells. Tlie lenticular cavity 
is formed by the n'sorption of this, deposit, and a cominiinieatioii e.-.ta- 
blislied bet\vx*en tin? two adjacent cells. Thes*^ areolated pits (nr mac.ulfc^ 
as Schacht calls them) are not, as was ojico supposed, confined to tlio 
Conifer®; but they are universally found tlirou^fhout that ‘^roiip with a 
rej^nhirity of disposition and constancy of occurrence not known else- 
where. 

Lattice or Clathrate Cells, Sieve disks. — A furl her compli- 
cation of tho pitted structure has been described by Von Mohl 
as occurrini^ in the v>pi(t propria of tho vascular buiidles of Mono- 
cotyledons, and in tho thin-walled ctdls, layers of which alternate 



488 


PHYSIOLOGY. 


with the loiip woody fibres in the Jiber of Dicotyledons. In 
thtjse cells, which that author calls “latticed ” or “ clathrate ” colls, 
the membrane which forms the diaphragm closiiifj; larj^e ])its is 
marked with an excessively delicate network, ajiparently formed 
of fibres a])plied upon the primary membrane, and generally per- 
forated. 'rhis occurs not only in the pits of the side-walls, but in 
those which arc found on the septa between colls slajiding one 
above another, and which constitute tlios/'rcc cdsls of the Germans, 
the said disks bcMUg covered oji one side with a tliiek hyaline struc- 
tureless ])orforat(id plate, not coloured blue by iodine, and whoso 
nature and functions are at present unknown. 

Spiral Deposits. — The “ fibrous ” secondary layers may present 
tlie form of a single spiral band, running from one end of the 
cell to the other, and with the turns of the spire quite close or 
more or less distant, (fig. 538) ; or tlie spiral band may be double. 


Fig. 540. 



Fifj. et‘11 from tin* BiwranRiuin of arrriijtr. Miirti. dinni. 

Fig. fiJiP. from thi* H)Kiriiiigtuni of Murchnntia pulymorpha. ALisgii. dmn 

Fig. •'■i.lO. 1^‘ilM from tlie leaf of i^^aHsecura ffuiuenufm. Magn. ‘100 diuin. 

triple, or even consist of six or more parjillel bands. Very often 
these s[)iral secondary deposits are suffieiently elastic to allow of 
their' being stretched out, the comparati\ely thin pH maiy membrane 
to which they adhere giving way at the interstices. 

In the cells of the coat of tlu; 8C‘ed of Cullomia, the primary membrane 
becomes, during tlie ripening of the seed, converteef into a substance 
which softens and swells up in water; so that when this structun^ is 
wetted, the spiral fibre spniigs out, opciiiug its coils widely like a wire 
spring. 
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The annular tliickcuings (iig. r> 80 ) are less coinmon tlmn the 
spiral, hut oivnr sonu'tiiues in the same cell, and also in association 
with the next kind, the reticulated. The rings are generally at 
some little distance apart. 

'J'ho reticulated secondary layers may be uniform over the w all oC 
the cell, or iiT(‘guJar (lig. o40)i which is more frecpu^iit, since the 
ordinary cause of the rcdiculated a])pearaiu*e is the formation of 
\ertical connect iiig bars between rings or spiral coils at the angh*s 
of the cells ; w hen this occurs very regularly, a ladder-like arraiige- 
irient results, gi\ing what is called the sculariforrn structure, espe- 
cially frei|uent in the vascular structure of Terns (tig. 5*11). 


Fig. iS41. Fig. 542. 



Fig. O'll. Frof'nu'nt of a Hculnril’orm \eH«rl (»f a Tr«H* Fi-rn : u, vuUh in eonlui t with other 
vphscIn : h, h, walls in (•onitipl with cpUh. Mn^n. L’tXi ilium. 

Fiff. 642. Wood-udla of Yi*w; vortiVal M-dum. Mu(rri. i^OO diara. 


The connecting bars of tlie r(‘t iculnli'd and sfiilariforin cells must not 
be supposed to oiigiinih* after tin* rii»gs or spirals ; tin y are conteinpo- 
raneon.sly developed ; and the diver.sitie,s in the clnHeiK'.ss of the C( tils of 
cells are likewise original peciiliaritie.«» of the di*posits. Tlie statement 
that the turns of spiral coils are opened hy longitudinal groAvtli of the 
primary membrane to wdiicli they udhejo seems to be founded on specu- 
lative notions. 

The spiral structure of secondary dcpn.sitN is bennlifnlly seen in the 
elaters of Jioujermannin and Marchuuiia^ in tlie cells of the aerial roots of 
epiphytic Orchids, in tlie cells of the wood of (’aetaceic, and in the sjiiral 
ves.s(‘fa of tlie vi*ins of llie lejnos and leaf-stnlks of Monocotylr‘donoii.s 
plants, such ns the TTynciiith, Narcissus, Musa (which pre-'-ents as many 
as 20 parallel bands), shoots of Elder, leaf-stalks of garden Ilhuharh, 
Strawberries, &c., also in the petals of delicately organized flowers. 
Annular cells are wtU seen in the sporange.s of Marohantia and oilier 
Liverworts, and in many of the structures ju.st Tnentioiiod witli spiral and 
reticulated cells. 

Scalariform Tissue. — Tlie scalariform marking is most regular in 
Ferns, and aiiproaches verj^ nearly to the more regular forms of the 
thickening above described, so that the spiral-fibrous and t jio dotted 
forms^appoar as the extremes of an analogous kind of structure. 
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In many wood-cells, especially in root-struc< lives, the n‘ticu!atod or 
sen Inii form cells have the meshes so small that thciy become in fiu;t pitied 
cells. 

Tertiary Layers. — In some cells both kinds of thickening occur, 
so that it is conveiuont to distinguish lertitin/ growths. In tht3 
wooil-cidls of ihe Ve\v(fig. />42), of the Lime, and other plants the 
secondary layers are pitted, and a tertiary growth subsequently 
ap])ears in the form of a spiral fibre. 

The pita on the walla of cuntigiioiia cells correapond, and they do not 
generally occur eppo'^ilo interoeliiiLir .‘•paces, or on the outside of epidermal 
cells; but except ien.s occur to both these rules, to the hitter especially 
in the leaves of C^raa. The tlist rule has much intliii‘r.ce on tho marking 
of tlie large cells forming part of r/wc/.s, wl)itdi are often in contact with 
several cells, one above another, and witli parenehyma-cells, other iliiets, 
or with intercellular apace.'*, on <li(lereiit sides. In the w'ood-cells of 
Conifers, the peculiar l)or<lered pits occur only on th(‘ sides parallel to 
tlie medullary rajs, not on tlu? internal and external walls. 

Cellulose, &c, — Cell-mcmhraucs, including the secondary layers, 
arc composed of the siihstanco calli^d ceUidim\ which is one of a class 
of organic compounds intimat(‘ly connected as ri'gard.s cbcmiciil 
oonstitutio]!, but presenting remarkable physical differenees. OF 
these compounds the most important an*: — .snr/ar and tle.vlriiit*, 
soluble in cold w^atiT, and occurring in solution in the cell-sap ; 
starch, insoluble in cold, but softening and swelling into a mucilage 
in boiling water, and found in the form of granules in the ci*Il- 
oontents; and (W//(Zo.sv, insoluble in cold or boiling water, alcohol 
or ether, obstinately resisting the 
action of alkaline .solutions, but soluble 
ill strong sulphurie acid, and forming 
tbo permanent .solid ])arls of vegetable 
structure. This cellulose is .suppo.sed 
to be derived from one or other of the 
materials above mentioned. 

Cell-mciTd)rancs, originally composed of 
pure (•clluh).‘-H, undergo changi*.s at .sub- 
suqiiont periods wdiicli alter, in a marked 
manner, their behu^'iou^ tow ard.s chi'iiiii'ul 
reagents ; and it i.s not at present ce.rtainly 
ascertained what is the real cause of the 
series of modifications which they pre-sent. 

If we compare the membrane of ii nascent 
cell, of thick-walled parenchyma, the solid 
and often dark-coloured walls of the cells 
of old heart-wo(jd, of libi'r-eells, the very 
resistant membranes of corky tis.suo.M, and the layers of gelatinous or 
cartilaginous consistoneb so abundantly developed iii the laiger Alu^, we 
meet with extremidy different characteristics, as to tho explanatiou of 


Fig. r)4.‘i. 



Wall of thi! I'fllH of the liber of 
Coroai , priiiiarj iiiombratw! ; A, 
oldest secondary layers: e, more 
recent secondary layers ; tho 
layers marked b are t>trongly in- 
crustod. Moi^n. tfOO diam. 
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wlr'ch din’erout viows aiv (*nt«rtaiiieil. On llio om* hand it is j'nid that 
the c ollulosn produced in the forninlioii of th(» orijriiml incinbmuo or layer 
of thickening bin’otuey jrradnally conveited into diiTeri*nt but relalcil 
chemical compounds ; on the other, that tin* ct‘llulo.-<e layers beconn? iin- 
prei^natod by forei;;n substances, gradually infused into them from the 
fluid contents, such substances being distinguished by the name of in- 
crustinf/ matters (tig. odil). A third vie\y is that of h'leiny, who con- 
siders that there are several kinds or moditicatious of cellulose, and, more- 
over, that those vegc‘table Hlriictures formerly considered to Ix^ made 
up exclusivtdy ()f cellulose contain matters of a ditferent cliemical com- 
position. 

Action of Reagents on Cellulose. — Ck‘llulose, as found in tlm organizcal 
condition of cell-iiieiribrane, appears to behave some what dillerently to 
cliemical reagi'iits according to the state of aggregation of its particles 
(that is to say, its density); for nascent eell-iiiembran(*a will in many 
cases assume a vi<ilet or ev<*n a blue colour when treated with a strong 
solution of iodine and waslu'd with water, like starcli. The same is tlie 
case with some of the st‘niigelatinoiis hiyirs of thieki'uiiig met with in the 
endosperm or cotyledons of certain seeils (called umjfloia)^ and, moreover, 
in the cell-structures generally which liave been trealed in the way d(;- 
sevibed below, to remove the so-called ^MncniNting mailers.'’ Hut, as a 
general nde, cellulose does not take u blue colour uitb aqueous solution 
of iodine, unless .‘^omo other agent, t‘8)j(‘eiallv sulphuric acid, be aj)plie(l at 
the same time. A solution of iodine in zinc chloiide brings out a blue 
colour in fully developed cell-membranes, still inoi‘c readily than the 
sulphuric acid A\ith io(lin(». These ronpents rc'adily attecl nowlj^ formed 
tissues in general ; and the more delicate kinds of cM*llular tissues art? 
permanonlly sensitive to them. Hut after a time the thicker cell- 
mem hranes, and esp<.'cially those of woody tissues, lh(j cartilaginous 
structures, and the tissue of epidermis and bark, no longer beecune blue, 
but only yellow or broAvn, with the above reagmits; and it L» the real 
cause of this alteration which is the subji»ct of the ditlenmce of opinion 
above referred to. Auilin and sulphiii-ic acid stain the liguitied cells 
yellow *. 

Hy maceration for several hours, or binling for a minute or two, in nitric 
acid for woody and cartilagimuis ti'-siies or in strong solution of ])otnsli tor 
epidermal and corky tissues, biinging the cells to a point where they still 
exhibit all their structure, but are bleucliod and softened, tbeii washing 

* The iodide solution cemsists of 1 grain of iodine, grains of potossie 
iodide, and 1 ounce of distilled water. Tlie siilphiirio nciil is of the strength 
of three parU acid to oue of water. The preparation to bo examined is first 
inoistenett with a drop of tlie iodine solution, which is then wiped o/T with a 
brush or piece of blotting-paper, and a drop of the acid is then placed on the 
prejMiration, which is covered with thin glass in the usual way. Schulze’s solu- 
tion is made by dissolving an excess of metallic zinc in strong hydrochloric 
acid, allowing the solution to evaporate over a spirit-lamp to the consisteneo 
of syrup, the zinc being kept constantly lulded if necessary. To the now 
colourless syrup is added as much potassic iodide as it. will take up. The ad- 
vantage of Soliulze’s solution is that it does not de.stroy tli« tissues, acts mdre 
gpneduy, and is less injurious to the microscope should it happen to come into 
contact with it. * 
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tliera Avitli Avater and applying iodine, a blue colour ig produced like 
that ap])eai*irifr in iiawci'iit ctdlulose or in tolerably new tis&ues under the 
inll lienee of siilphiiiic acid. 

it remains to bo ascertained whether these processes alter the com- 
position of tlie cell-membranes, or mtirely remove infiltrated matttn*s of 
niti’ogenoiis composition. The latter view is HU])ported by the fact that, 
in imperfectly piepared objects, some of the more resisting layers appear 
(freeu^ which would seem to result from an optical combination of tho 
bine of the ctdluloso with the yellow of an intiltrateil matter. At tho 
samc^ time it must be noticed that the cellulose is brought into a condition 
ap]jroachiiig that of starch, only n«)rmal in nascent mejiihranes and in the 
seiuisolid d(!posits of ^‘amyloid’* above mentioned. Fremy, ns above 
stated, considers that there are (»tlier substances besides cellulose entering 
into the comi)osition of vegetable cell-walls. Tme cellulose fonns tlio 
ci'll-wall of the eellular tFsiie of hark, fruits, roots, iVrc., and is solnbh^ in 
fimmoniacal coppn* »)xide, made by dissohing copper filings in caustic 
ammonia. JWna^Ilulme is found in the cells of the ]utli, tlie. (‘pichn’iiiis, 
the medullary rays, iS:c. ; it is soluble in the copper solution, but only 
after special treatment. Fibrour is the constitni'iit of the wood-cells, and 
is insoliihle in the copper solution, exci'pt after special treatment, but 
soluble in strong snljihuric acid. VusciiloHey the substance of which vcissels 
are formed, is iiisoluhle in hydrochloiie and sulphunc acids and in tho 
<!oppor solutions, hut soluhh' in boiling eauslic potash. It is coloured by 
anilin with a little, sulpliuric acid. 

Inorganic Constituents. — Cell-inenibrane in most cases contains 
a certain auioiint of inoiganic matter ; but this is probably attribu- 
fable in gcuieral to its bmiig sat united with the watery cell-sap, in 
which various salts exist in solid ion. Tn part icular cases, however, 
fhere is a special (h*position of inorganic substance in the walls of 
cells — as, for instance, in the Grasses and tln^ Fijuisetaccao, and 
the Cane-T*alms {Culamns), where the epidermal structures arc so 
loaded with silc.r that they not only acquire a hard texture, rondor- 
ing them harsh to tho touch, but, when the organic matter is de- 
stroyed by burning, a complete skeleton of the tissue remains, 
entirely formi'd of si lex. 'fho siliceous coats of the JJiatomece 
afford another striking example. 

ft is not yet cltMirly mnde out whether tho silcx is here deposited in a 
laycu* upon the cell-inemliriine, or interpeuetrutos its siibslanee; but the 
latter is probably the roiCl ."tato of the case. The pei-icarp of some plants, 
as Lithospvrmumy contains lime, in what form it is not certain ; but tho 
calcimn carbonate incriisting the cidls of many sjx'cies of Chara is clearly 
li mechanical deposit upon the outside of the membrane. 

The membranous wall of the vegetable cell is for the most part 
a permanent structure : forming tho “ skeleton ’’ of plants, ti 
usually remains entire until tho decay or destruction of the 
orgjinisrn in which it exists. It is, as previously stated, in some 
cast*s subjected to periodical variations in thickness, accord- 
ing to season. Frequently it becomes absorbed or dissolved. 
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ultimatoly at particular points, as at the contip;uouft end-surfaces 
of those cells which t)ecoine fused to^etlier to form vessels or 
ducts ; and in the case of the layer closinrr the outer ends of the 
canals of the pits or wood-cells, a similar destruction of the 
primary membrane seems to occur. A phenomenon of this kind is 
distimrtly prescmted in the large spiral-fibrous cells of Spliatjuum 
(fig. 544), wliere the walls of old cells are found perforated by 
largo round orifices, ])ro(luced by the separation of cirtmlar ]neces 
of the cell-wall, and in the cells of the leaves of Lewvhn/tfin 
ylaueum (i\^. 545). in the cells of the Confervoids producing zoo- 


Fig. 544. 



Fig. 544. Coll of tin* loaf of Snknijmm <*y»i6 ifo/iiiw, with annular flbros and orifloea in the 
wall. Muuii. 400 uiam. 

Fig. 5'15. Porous ui'lls of thu leaf of Leucobrjfum fflaucum ; vertical section. Maun. 
400 diam. 

spores, the wall breaks open at definite places to allow theso to 
escape, exhibiting sniall lateral or terminal orifices in Confrvva 
(fig. 512, 0, (/) Ac., or breaking (jiiite across by a circular slit in 
GUdogovimn, In this last genus the cell-\vall breaks across in the 
same way in cell-division, to allow the new cells to expand ; and in 
one of tho Palwellem (SchizoMmnys) the wall of the parent cell 
splits off ill segments every time a new generation of cells is 
formed. In the case of the clathrate cells and sieve disks pre- 
viously mentioned, the bounding inembraiio ultimately becomes 
obliterated so as to allow of the passage of the protoplasmic con- 
tents of one cell into the cavity of the adjoining cell. If a radial 
section be made of a latticed cell in the stem of a Vegetable Marrow 
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and troated with iodiiu* and sulpliurir at'id, the colhdose heconnis 
siaiutd blue, tlio proloplasni yollow, and tlireads of the latter may 
be seen j^issing from one cell to the other. 

In the formftiion of tho idtinmtcly freo colls compo'sjnjr poUcn-grains 
nnd of tho spores of the higher (hyptoganiisi, the cells are liberated from 
tli(‘ parent cells by solnlion of the wall of tho latter. I'ho out4;r laycirs 
of the cell-wall indeed often assume a dillerent appearance from the inner 
oikih; iinil, a.s in the case of tlio pollen -tube, tho outcu* coat dies and splits 
as tlie inner coat grows into a tube. A still more cuiious phenomenon 
oecurs in llio process of nmjuffationj whore two rolls coalesce hv complete 
union of Ibeir walls. The last cases appear I'olated ill some degree to the 
origin of tlie gelatinous coats of the PalmeUvtr nnd oth(*r Confervoids, 
w’liich aiy prolcddv produced by the disintegration of tin*, walls of parent 
cells, wliich h«ic(nne softened and swell up as the new generations of cells 
are formed in their int<‘rior. 

Contents of the Cell. — 'J'he solid cidlulose structures forming 
tlu* persistent mass of vegetable tissues may be regarded as a 
skeleton or franicnvork ; for the vital and c'hemical plienomcna 
exhibited by plants all depend, in the first instance, upon operations 
\^hich have their seat in the interior of the cells. The ciirid'iil 
investigation of the eell-oontents is consotpiently of primary im- 
portance in the study of Vegetable Physiology. 

Tlic fundamental importance of the matters within the cell is not only 
demonstrated by what we are enabled to observe taking place in the iii- 
terior of living cells, hut, in certain of the low’(*r plants, tlie vitali/.e(l con- 
tents actually emerge from their coidineiiieut in tlie sludl of cellulose fas in 
the casf‘ of tlm so-called move, ])erlbrui all the functions of plant- 

life, and exhibit in the course of their siibsj'Cjiieut conversion into closed 
motionless cells exactly tlie same power to form new ecll-memhrano as 
lakes place in or Jinary cell-formation. 

Ccll-Fap, &c. — Tlic contents of the cell are partly more or loss solid, 
partly fluid. When suhstnnees exist dissolved in the cell-sap, they 
are frequently out of tlie rencli of microscojac observation, on account of 
t'le minute qunntities in wdiich they exist, or from the want of suitable 
reagents to as<a?rtRin t)i(*ir presence; among these are the vegetable alka- 
loids and similar products. The sugar, dextrine, mineral salts, &c. dis- 
solved in the waierv cell-sap do not readily admit of examination in this 
wav. 'J'he fluid colonring-mattors, essential or fixed oils, resins, &c., on 
the contrary, are readily ob-served, on account of their distinct physical 
nnd chemical characters. This is still more the case with mineral op 
organic salts wdiich are sufliciently abundant to crystallize in tho cell. 

Put by far the most important of the conlcnfs of cells are certain 
organized striiotnrt^s wdiich are regularly met with in the cell -con tents, 
either universally or, wdth certain definite exceptions, at particular epochs 
of the life of cells. These are the protofiHaHm^ tlie nvrlrm, and chlorophyll^ 
corpuHclcH^ wdiich are albuminous or proteinaceous in their character, while 
others are destitute of nitrogen, such as the starch-yramdvs. 
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Protoplasm. — In all Fig. 646. 

youD^ growing cells wo 
meet with a ton^h iniioi- 
laj^inous seinifliiifl sub- 
stance, colourless or with 
a yellow tinge, and fre- 
quently of more or less 
gniiuilar character, which 
increas(is with the age of 
the cell. This substance 
is called the protoplasm. 

The spcmi or (elementary 
units (male) and llu* c.or- 
rcHpoiidiiig initial jrt.rms, nr 
female organs, an* fragments 
of naked pivdojilasm. The 

]SJ VXOmV(*(itons I’lingi me Transvi*rH* BffUon offoll of J^Miiycrwifrit«iit a, 

^ the imiuonliiil ut riel <> contracted from the UL-liun of 

uimiiKann. Jiny alcohol. Magu. 600 diam. 
c<»H8iMt ol inassfis of pruto- 

iilasiii, culled plasmofftOj uncovered by ccdl-iuembrane, and which move 
Ijy cn^epiiig over the substance on which they prow, sliow curnmt-s in 
tli(‘ir interior, and ultimately form reproductive bodies, covered with a 
cell-wall formed from tlieir'owii substance (see p. 470). Latterly Mr. 
I'ranc/is Darwin lias shown that protoplasmic filaments may be ejected 
and retracted from the cells of the leaf of tlie common Teaz(d. 

Ecto- and Endoplasm. Tin* protoplasm geia'rally presents a division into 
two layers — the outer a hyaline film in contact willi th(^ (!ell-wall, and 
called the ertopUism, tht? otlnu* of a grumilar cliaracter, termed the endit- 
plasm. The ficfopl/t'Oii or primordial utricle is tlie outer film of the pro- 
loj»bism, from whi(^h it dillers in its grtinter deinitv and dilfertmt mole- 
cular struc.tiiro,. It may be seen by soaking the tissue in ac.otic acid, 
is coloured yellow by iodine, and is applied intimatedy to the inner 
surface of the cell-membrane of young cells, persisting in the cells of 
tissues which are com erned iu the reproduction of ctdls or th(i perfor- 
mance of the functions of assimilation, &;c., but disappearing at a com- 
})araliv(dy early period in cells which ac(j[uire fibrous or pitted woody 
secondary layers. 

The ekopiasm, lining the entire wall of the cell, forms a kind of sac ; but 
it is not a nieiuhrane in the same sense as tlin proper cell-wall, siiuio, 
although it presents a ccrlaiii cohesioTi and resistance to the penetration 
of water, it is not iiicrelv llcxihle, but dvctilv^ and ca.pable of moulding 
its(df into iK^w external forms, the sac, in cell-division, becoming coii- 
strict(jd into two or more portions without WTinlding. When the zoo- 
spores of the Algm escape from the parent cell, the primordial utricle 
forms the extePiial boundary of the structure of the zoospore, which has a 
deliiiiie form in each case. The ectoplasm presents a radial striation, 
rendered mon* evident bv the action of osmic acid. According to Stras- 
burger it consists of small rods of relali\«dy dens(‘ substance, with the in- 
tervening spaces iillcd with c(’ll-sap or watery protoplasm. Tlie cilia of 
zoospores, which are extremely fine vibratilc threads, arc productions 
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from the rods. Tlie cellulose coat of the cell is secreted by the ectoplasm. 
Tlio niolooiilar stniL'tiire of protoplasm is probably varied in ditlereiit 
cases. The investigation of this obscure subject is of iminonso import- 
ance, as the functions of life seem to depend on the activity and behaviour 
of tlie inolecuhis of protoplasm. 'I’hey have been recently called 
dulvH^ and, unlike the molecules of the cell-coat, are not crystalline. 

The protoplasm is lujt always readily discoverable in living cells, on 
account of its close apposition to the cell-wall, but it may bo dete.cted by 
the application of a weak solution of iodine, which colours it brown, and 
soon causes it to contract and scjparate from the cell-membrane (fig. 54(>). 
The contraction is disadvantageous in some cases, if it go very far, ns the 
layer becomes applied upon the innor cell-contents. The structure is 
very well seen by placing portions of the green tissue of leaves, t'kc. 
(wfiich retain the primordial utricle after ocr^iii ring tludr full size), of the 
]uilp of fruits, the h'aves of Mosses or Idverworts (fig. odd), or the fila- 
ments of (Joiifervoids, in alcohol, or treating them with dilute nitric or 
liydrocldoric acid. The primordial utricle then separates fi-om the cell- 
wall without becoming much discoloured. The chemical properties of 
protoplasm indicate its allinitv to albuminoid substances. Tt is, moreover, 
mixed with oily substances and inorganic or incombustible materials. 

Vacuoles, &c. — lu young c(dls, hucIi as those in the cambiiiin- 
layer of sUnns, iii the growing parts of loaves, <fec., the protoplasm 
nearly fills up the cavity, or at all events occnpi(\s all the space not 
filled by the nucleus. By tl(‘gpecs, as the cell t^xpantls, spaces called 
vacuoles make their appearance in the ])rotoplasin, Ulled with 
watery cell-sap (fig. «^47); they may be regarded as drops of 
watery fluid surrounded by ]jrotoplasm, wbhdi latter is thus trans- 
formed into a kind of froth, which is offen finally displaced so 
entindy by the cell-sap that it forms mendy a layer a])plied against 
the primordial utricle. In many zoosj)ores these vacuoles are seen 
to contract and expand, probably from fhe varying contniclility or 
degree of tnrgescence of the 8urroimdi!)g ])rot,oplasin. These 
movements an? idejitical with similar plieiionuma witnessed in l^ro- 
tozoa, and are the first indications of a respiratory or circulatory 
system. 

Movements in the protoplasm, rendered evident by the movement of 
the granuli!S floating in it, occur in many plants, probably in nil, and are 
attributed by some to contractility of the protoplasm, by others to alter- 
nate tiirgescenco and emptying of certain portion.^ of the protoplasm. 
They are strictly analogous to the movements seen in Ama^ha and other 
similar low animal organisms. Tho protoplasm is said to be chambered 
when the cell-sap is traversed l)y several anastomosing plates of protoplasm. 

Kucleus. — In the protoplasm of most young cells, and persistent 
through life in the parenchymatous structure of some plants, as of 
the (.)rchidacea3, occurs the globular or lenticular body called tho 
nucletis of the cell, or eytohlast (figs. 547, & 548), discovered by 

Bauer, and first investigated by Bobert Brown. This appears to 
be a mass of substance identical with protoplasm, and it mostly 
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presents the appearance of a central cavity or vacuole containing 
one or more small granules called nucleoli. 

Fig. 547. 



Fig 547. Upper end of a .yonng Imir of the ataim*n of Trademtntvt. showing the celle m 
Tarioiis stageB of de\rloi»nient; w, «, nurloi. Magn. 400 tliam. 

Fig. 548. Cell witli a nucleus, from the atom of Orehia m(ucula. Magn. 4U0 diam. 

The iiuclciiB is not usually found in Fungi or Lichens ; and many Algae 
ore likewise unprovided with it. 

Movements of the Nucleus, &c. — ^The nucleus probably originally 
occupies ibo centre of all nascent cells where it exists, the inter- 
space between it and the primordial utricle being filled up by pro- 
toplasm. When the vacuolar displacement of the latU^r by watery 
cefl-sap takes place, the nucleus, if persistent, is usually carried to 
one side of the cell, and comes into contact with the inner boundary 
of the primordial utricle. Sometimes, however, it remains sus- 
pended in the centre of the cell by cords of tough protoplasm, 
stretched from a layer of protoplasm coating the nucleus to that 
which lies upon the primordial utricle. The cords of protoplasm 
radiating from the nucleus are the persistent boundaries of the 
vacuolar spaces of the “ honeycombed ” protoplasm. The nucleus 
itself, according to Hanlstein, is dragged out of shape, as it were, 
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by the contraction of the protoplasmic threads attached to it, and, 
moreover, itself undergoes, in some cases, changes of form ana- 
logous to those manifested by Anuxbas, (See under Myoconiycetes^ 
p. 471.) 

The gradual vacuolation of the protopla<tm and the transfer of the nu- 
cleus to the side of the cell may ijp well seen in the hairs of the stamens 
of Tradescantia (fig. 647). lu Spiroyyra and Zyynema the nucleus re- 
mains always suspended in the middle of tlie cell by the protoplasmic 
cords. The ultimately parietal nucleus of the hairs of TratlescayUia ex- 
hibits radiating cords, the protoplasm here being in process of absorption. 
In VaUiHueria and in (Edogonium and other Confervoids, the nucleus 
becomes imbodded in the continuous parietal layer of protoplasm which 
lies upon the primordial utricle. The nucleus has the property of break- 
ing up and, os it were, disappearing for a time, to reappear in the form of 
two or more new nuclei of larger size than the original nucleus. This 
process occurs in tho formation of llie pollen in the embiyo-sacof Phane- 
rogamous plants, &c. Tho nucleus is somc.timos, according to Cohn, in- 
vested with a layer of standi, and is colourt*d by carmine solution, which 
leaves the amylaceous envelope un.siniDed. 

Chlorophyll.— Ill all parts of plants which have Fig. 649. 
a green colour we hiid the cell containing in its 
cavity structures quite disliiict from the cell-wall 
and from the primordial utricle, in which the green 
colouring-matter resides. The ordinary form of 
these is that of globular or spheroidal corpuscles, 
which appear in greater number and of darker 
green colour in proportion to the inhmsity of solar 
light to which tho tissue may exposed. In a 
lew cases the green colouring-rnatter is found in 
the form of annular or spiral bands {Drapanialdiii, 

Spirogyra^ fig. 549), or of reticulated cords 
phora), of mucilaginous consistence, adhering to 
the inside of the primordial utricle. In some Con- 
ferva) the green colouring-matter appears diffused 
through a portion of the protophism in the form of 
very minute granules. In many unicellular Algae, 
in the Algoid gonidia of Lichens, &c,, the green 
colouring-matter is uniformly distributed through- 
out the cell, and is not separable from the rest of 
the protoplasm. 

The CJilorophyll-corpuscles are of soft ccffisistence ; 
and their colour is extracted by ether, alcohol, and ^ mament 

various acids. They consist of protoplasmic colour- ot spirogyra, with 
less substance mixed with colouring-matter. The 8iilpi.?oo duSS?*’ 
former may exist by itself un mixed ; but the colour- 
ing-matter is never found separate in nature. They appear 
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usually solid and liomogoneous when young ; subsequently they 
often contain stareh-graimles in the interior, and not unfroqucntly 
they become vacuolated like protoplasm when exposed to the direct 
action of water. 

Fromy states that the green colour of chlorophyll is due to an 
admixture of two substaruics, one yellow and the other bine, called 
phylloAMnthiiu and phyllocytiuim ; but others think that 
the blue substance is a modification of the yellow, brought about 
by the agency of the acids. Our chemical knowledge of chloro- 
])hyll, however, is at present ineoinpleto. Sorby states that chlo- 
rophyll exists in a blue and in a yellow state. Blue chlorophylt 
when dissolved in alcohol, is of a splendid blue-grecii colour, the 
whole of the green part of the H])ectrum and part of the blue 
b<nng readily transmitted. Velhw chlorophyll absorbs the whole 
of the blue and the blue end of the green, so that the colour is a 
bright yellow-gn^eii. Cfdorofocine is of a clear yellow-green colour, 
Huoresceiit likii the two preceding. These three varieties of chloro- 
phyll are insoluble in \\ater, soluble in absolule alcohol, but not 
alwaysin carbon-bisulphide. Other colouring-matters, with different 
o])tiea1 properties and soluble in carbon bisulphide, ore described 
by Horby. 

The chlorophyll-corpuscles are prohiibly formed from the protoplasm 
of the cell breakiug up into distinct globular (*orpuscl(\s, or distributing 
itself according to patterns, as above indicated, upon the cell-wall. When 
newly formed, in young cells, they are almost colourless, and appear in 
the vicinity of the nucleus and in the layers or streaks of protoplasm ; and 
wo not uufrequeiitly meet with protoplasmic corpuscles wliich di Her from 
chlorophyll -corpuscles only in the absence of the green colour. 

Development of Chlorophyll. —The development of clilorophyll takes 
pbwe thus : -In the young t-cll the protoplasm is colourless and disposed 
in a tliick layer around tlie inner wiiU of tlie cell ; in this appears tirst a 
yellow colouring-matter ; and then the inner portion of this protoplasm 
gradually splits up into polygonal portions, each of which becomes a grain 
of chlorophyll. In other cases the chlorophyll is formed in a layer of pro- 
toplasm siiiTouiuling the nucleus. Vaaetdes are formed in it, and break up 
the substance of the protoplasin into granules. In this latter ease more 
uncoloured protopla.sm is left afun* the fonuation of the chh^rophyll than 
in the preceding case. 

Decay of ChlorophylL — The destruction or decay of chlorophyll shows 
itself first in the change of colour from to yellow or orange, or, in 
the case of the spores of Aloe, to red. This red colour is supposed to be due 
to oxidation, assumed at the time when the spores come to r(*st j when 
active vegetation again commences, the green colour is restored. In the 
COSO of leaves at the fall, the ^ains of chlorophyll diminish, then disappear 
and give place to highly retracting granules of an orange colour, which 
are the remnants of tho (lisorgauized chlorophyll, and to which the colour 
of leaves in autumn is due (see p. o40). While those processes are going on, 

2k 2 
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tho Atnrch and tho prof onlasm aro diftfiolved and stornd away in tbo perma- 
nent tissues. In plants kept in the dork Gns noticed that the chlorophyll- 
frruins slowly and gradunlty become smaller, lorfe their starch and their 
colour, till at length nothing but a nunib(Tof minute amorphous granules 
remains. Some plants, such as St^laginvllay some herns, &c., resist the 
deprivation of lignt much more than others ; but in the case of quickly 
growing plants, two or three days’ obscurity sufllce to disorganize the 
chlorophyll. 

Action of Reagents on Nitrogenous Contents. — The protoplasm, the nu- 
cleus, and the chlorophyll-granules are all substances containing nitrogen 
and I'loHely allied to albumen ; they are more or less coagnlablc by heat, 
alcohol, aud acids, and soluble in caustic potash. The principal tests an* 
the following, thougli it must be remembered that their action is masked 
by t,he colouriug-niattora of the cell, and that they are not in all cases 
manifested in living, but only in dead cells: — Iodine gives a brown or 
yellowish tinge to these structures ,* ammoiiiacal solution of carmine tinges 
them pink. When treated with nitric acid, and subsequently with am- 
monia. a yellow lint is formed, indh'ating llie presence of xantho-protein ; 
when soaked in a solution of copper sulphate and afterwards treated with 
potash, a violet colour is produced in tlie protoplasm and chlorophyll : 
hut this has not been observed in the case of the nucleus. It must be 
remembered that the solubility of protoplasm in acids and alkalies dejieiids 
not only on the strength of the solvent, but also on the condition of the 
subst.mce at the time of the experiment, 

Aleurone exists in many seeds in the form of roundish co- 
Joiirloss granules pitted on the surface, or oven presenting facets 
like those of crystals. The granules occur between the starch- 
grains, or, in the case of oily seeds, in largo roundish or angular 
masses. They are, for the most part, about equal in size; but here 
and there one occurs much larger than tlie rest, and which is 
reinarkable for the rapidity witliwhi<*h il dissohes in water; hence 
it escapes observation under the microscope* when the tissues are 
examined, as they usually are, in water. Aleurone or 2 ^rotein-(/rain.% 
as they are sometimes called, are insoliiblt* in ethcT, alcohol, and oil ; 
hence, in order to 8(*e the aleurone, the following process is 
adopted: — Thin slices of almonds or other seeds are soaked in 
olive-oil, the oil is subsequently filtort'd and allowed to stand. 
Some hours subsequently a white powder is precipitated ; this is 
removed from the oil by filtration, and washed in ether or alcohol, 
so as to remove the oil ; it is th»*n allowed to dry, and the resulting 
powder is pure aleurone. Aleurone-grains often contain, im- 
bedded within their substance, crystals Of calcium oxalate, or glo- 
bose masses of magnesium pliosphate. Aleurone is coloured brown 
by iodine, and the inner portions of the grain assume a briik-red 
colour after soaking for some minutes in a solution of mercuric 
nitrate ; hence it is considered to be of albuminoid nature, and to 
be of service in providing nutriment for the developing embryo. 
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The nature, mode of formation, and chemical history of this sub- 
stance all stand in need of further investigation. 

Crystalloids. — Masses of proteinaceous substance of a crystalline 
form, but differing chc^mically from true crystals, otjcur imbedded 
in the protoplasm of many plants, especially of such as are in a 
dormant condition, as beneath the rind of the tuber of the Polatf). 
Their function seems to be to act as a reserve of nourishment' to 
be used when growth becomes active. {Similar crystalloids Ikin e 
been seen in many Eed Seaweeds. 

Starch. — Stareb-granules appear to occur throughout evory clans 
of plants except the Fungi, and are perhaps most frequently of 
globular form when young : but when they acquire any consider- 
siblc size tluMP form usually diverges from this, and presents very 
remarkable varieties, often attributable to the condit ions in which 
they grow. Full-grown starch-granules are not homogeneous, but 
marked with striic indicating the concentric laminje of which they 
are composed. These laminin am alternately of denser and softer 
consistence, and surround a commonly more or less exceiiiric iioint, 
usnally of very small size Tfig. 550), which often appears solid when 
the starch-granule is fresh, but which forms a minute cavity, fre- 
quently running out into a few radiating cracks, when the starch- 
granules are dry. 

The granules occur either singly or collected in masses of definite 
shape, forming compound granules (tig. 551); very often they exibt 

Fig. 550. Fig. 551. 




Fig. 550. Staroh-granulos of Potato. Mafn^. 400 diam. 

Fig. 551. Compound HUn^h-grnniileri: a, a double granule from the PotJito; 5, gronpinl 
granul<>8 and two fragments from the rhizome of Arum maeutalum. Magn. 
400 diaiu. 


in the interior of chlorophyll-corpuscles or bands, or imbedded in 
the protoplasm lining the cell-wall. In certain tissues they till the 
cavity of the full-grown cell, and in some cases so densely that they 
become moulded into polygonal forms by mutual pressure. 
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Starch-grainiltjs are commonly unafFected by cold wafer; but- 
when crushed, the inner layers will sometimes absorb it and swell 
up. lioiling Acater causes them to swell up into a jolly, losing all 
Irace of their laminated structure — as do also diluted sulphuric acid 
and solution of potash. 

Iodine colours starch-granules violet, indigo-blue, or deep 
blackish blue, in ])roporfcion to the di»gree of concern (ration in 
which it is emjdoyed. By means of dilute sulphuric acid, starch 
may be converted into dextrine and glucose. Aloderu resoarcbes 
have shown that starch consists of two substances iiitimatt^ly com- 
bined, one of which, fjntnuhsf'^ is more soluble in saliva than the 
ol her, ; and the action of iodim^ is also different in the 

two cases. 

Mode of formation. — (iroat disrussioii bns taken ))liico of late years as to 
the strueturo and the mode of devtdopnieiil of starch-giamilcs. 'J'licy are 
apparently formed of a number of concentrk; lamiiise, whit^h increase in 
density from within oiitwawls. Their substance is haitlly distinguishable 
from that condition of celliih)se where the cell-membrano swells iiilo a 
gelatinous sulwtance with dilute sulphuric* acid, or even someliiucjs with 
wat(*r, and takes a more or less decided blue colour with iodine alom.\ 
Witli regard to llioir mode of development, they ap]>enr to be formed 
cither by intussusception, as maintained bv Niigeli and ISacdis, or by the 
deposition of aiiccosaive layers of starch -substn nee, by protoplasm, in the 
interior of vacuolar cavities formed in llu* protoplasmic matter of the cell, 
either while this exists as a colourless iimcilnginous mutttir, or after it 
hfis become more highly organized into chlorophyll-corpusi-les. Starch- 
granules, in fact, appear a<*cordiiig to tliis view, to be formed by secretion 
oil the inside of a utricle of proto]>lasm, exactly in the same way as the 
cellulose wall of the cell is secreted on the outside of tlie primordial 
utricle. 


Hg. 562, 



Fig. 55;{. 



Pig. W2. Part of a cell of tlip stem of the Whito Lilj; w, nuuleuH, Hitrronndod by protoplasm 
in aliifh '^tarth-Branulrs (») arc* bping d«Tplo|K‘d. Mogn. diani. 

Fig. ,'■'62. Ftaroh cifMaizit: a, huc^tion of a young oell of the Boi*d, with iibbupuI stari'h-graniilcn 
imlM^ddoil in nrotoplasm ; ft, spotion of u full-grown fell with the ntaruh-granultui 
in oontact ana become angular by mutual pressure. Magn. 200 diom. 


This mode of development is well illustrated in thefonnation of starcli- 
grauules in the cords of protoplasm which have ceased to circulate, in 
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many herbaceous Monocotyledonous stems, as that of the White Lily 
(tig. 652), by the appearance of single or several starch-granules 
in old chlorophyll-corpuscles, or in the substance of the bauds of Spiro- 
gyra (fig. 649), &c. Still more strikingly is it shown in the development 
of the starch-^anules which ultimately denselv fill the outer cells of the 
endospeim of Maize, where tbev are at first free from each other, im- 
bedded in a collection of protoplasm filling the cell (fig. 66;^, o), and, as 
thejr expand, come into contact pd almost displace all the protoplasm, 
which remains only as a reticulation of slender threads (fig. 55il, 6). A 
similar reticulation of protoplasm-threads remains on the walls of the 
cells of the Potato-tuber after its starch-granules ore formed. 

'I’he origin of the compound granules, in pairs, fours, or very many 
compacted together into a mass, moulded together by mutual pressure on 
their contiguous surfaces, is readily explicable, since wo often find several 
isolated nascent granules in one chlorophyll- or protoplasm-corpuscle : as 
the granules increase in size they come into contact, but remain bound 
together by the mass of protoplasm iu which they lie. Such granules 
(found in llie corms of CVocw-^and Arum (fig. 663,/>),in the Oat, and more 
or less abundantly in many other Monocotyledonous plants) are mostly 
siniply coherent, so that they may bo separated by slight pressuie. But 
it is not uncommon to iind twin granules enclosed bv external layers 
common to both (fig. 663, a). 

Relation to ChlorophyU.—-Stnrcl)-grains are almost universally present 
in chlorophyll, from which, indeed, Siey are formed. This opinion difihrs 
from that of Mohl, but is supported by the discoveries of Sachs and Gris, 
the former of whom shows conclusively that the starch is developed from 
the clilorophyll under the influence of light, especially iu the yellow, red, 
or orange rays : if light be excluded, no starch is formed, what is alroady 
formed disappears, but starch is amiin fomied when the chlorophyll is once 
more subjected to the influence of light. Without chlorophyll no starch is 
formed ; it may, however, be stored up in colls containing no chlorophyll, 
but is brought there from the cells in which it is formed. 

Decay of Starch-grams. — Starch is a temporary ingredient of 
the cell-contents ; it is accumulated during active vegetation, and is 
abundantly deposited in the tissues of many organs which remain 
at rest during certain seasons. In the recommencement of growth 
it is dissolved, in consequence of the formation of diastase (which 
converts the insoluble starch into soluble dextrine), and the as- 
similated substance is applied to the formation of permanent 
structure. 

Starch-grains are disintegrated or dissolved, when growth is about to 
take place, in two ways — either locally (when the grains present a 
worm-eaten appearance) or uniformly over the whole simace. 

ImiliXL. — In certain plants starch-granules are absent in those 
situations where they are generally abundant, being replaced by a 
substance of analogous composition, called muline. This has b^ti 
found especially in the roots of tubers of the Compositee. It is 
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not clear whether it occurs dissolved in the cell-sap or in granules 
mixed with the protoplasm. From solutions it crystallizes in 
spherical masses of radiating crystals, which may also be seen by 
dipping the sections of the tissue in alcohol. As it has no special 
reactions giving distinct colour, like starch, it cannot be detected 
except by chemical analysis. 

Fixed Oils. — The fixed oils, which occur abundantly in many 
seeds and fruits, are easily distinguished in the cell-contents on 
account of their forming isolated globules, merely suspended in the 
watery cell-sap, which strongly refract light, and can be made to 
run together into large globules by pressure and by the application 
of ether. 

The oil-globules occur mostly in organs prepared for a season of rest, 
ns in the endosperm (Cocoa-nut) or cotyledons (Almond) of seeds, or in 
tlie pericarp (Olive) of the higher plants — also sometimes in tubers, as in 
those of Cyperm e^culentm. Among the lower plants oil is especially 
abundant in the resting-spores of the Algro, taking the place of the starch- 
granules existing during active vegetation. 

Essential Oils. — Essential oils arc readily distinguishable when 
they exist in quantity suspcnd(*d in the cell-sap, or entirely filling 
the cell ; sometimes, however, they exist in such small proportions 
as to be undistinguishable, as is the case in many scented petals. 

The essential oils are developed, like the fiuid colouring-matters, in 
vacuoles of the protoplasm, resolved in time into one loige cell-cavity 
bounded by the layer of the protoplasm lining the primordial utricle. 
The oily matters, caoutchouc, resins, &c., are usually found in compound 
cellular organs, glantUy ducts, &c., to be mentioned presently, under the 
head of Tissues, 

Sugax, 0am, etc. — Sugar, dcxtnnc, gum, and similar substances 
dissolved in the watery cel I -sap are not capable of detection by the 
microscope, since the (]uaniities in which they exist are too small 
to alter sufficiently th(j refractive power of the liquids ; and we 
have no colour-test for them. 

The gummy mai^s of plants (which swell up in cold water and form 
a slimy mass) are in many cases parts of the cellulose tissues themselves, 
as is the case in the seed-coat of Linseed, the Quince, &c. , and the gum 
of TragacantlL which latter consists of the ctdleuchyjnaUms tissue into 
which the pith and medullary rays of the stem are gradually converted. 
They result from the abundant formation of secondary layers m that state 
of the cellulose ” compound which is intermediate between coll-mem- 
brane and dextxme, just as the ‘‘ amyloid ” of the secondary layers of the 
cells of some Lichens is an intermediate condition between cellulose and 
starch. Baasorine and Arahine are formed in a similar manner, from the 
disorganization of the cellulose matters \ hence these materials are to be 
looked on as excrementitious. 
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Colours of Flowers. — ^The bright colours of the parts of flowers 
are produced by substances usimlly dissolved in the watery cell- 
sap ; sometimes, however, solid Gor|)U8cleB or utricular structures 
are found swimming in coloured cell-sap. 

In young tissues of flowers the colouring-matter may he observed to he 
formed gradually in the vacuoles of the protoplasm, and, as the cells ex- 
pand, increasing in quantity until the separate portions coalesce and till 
the whole cavity of cell. This is well seen in the coloured hairs of 
the stamens of Tradesmintin, 

The colouring-matters of flowers admit of being grouped in two series, 
the cyanic series and the xanthic series, with green as an intermediate 
colour : thus, starting with greenish blue, the cyanic series passes through 
blue, blue-violet, violet, violct-red to red ; the xanthic series, on the other 
hand, passes from green to greenish yellow, yellow, orange-yellow, orange, 
orange-red to red. The cyanic colours are usually in solution ; the xanthic 
colours are usually solid. It very rarely happens that the colours of the two 
series are met with in the same flower ; "hence, though Dahlias and Roses of 
almost all hues are now to be seen, a true blue tint has never been seen 
in ei ther ; and Ihei'e are numerous illustrations of this fact in gardens. The 
various tints of colour are produced either by the interposition of colour- 
less cells between those containing coloured juices or by the superposition 
of cells with diflerent . colouring-matter one over the other. Thus an 
orange tint would arise from the 8uper|)osition of yellow cells over red, 
and so forth. White is produced either by a veiy dilute coloured solution 
or by tlie presence of air in comparatively largo quantities in th(i tissues. 
The velvety appearance of the petals of many flowers is due to the fact 
that the epidermal cells are raised in the form of small conical elevations 
like the pile of velvet, and the play of light thereon gives rise to the 
appearance above mentioned. 

Raphides. — The w^atcry fluids traversing the tissues of grow ing 
plants, in consequence of the evaporation from the leaves and the 
continual absor])tion by the roots, necessarily contain various in- 
organic salts dissolved in them. Moreover certain organic acids, 
such as oxalic, malic, tartaric, &c., are always formed in the pro- 
cesses of vegetable digestion. All those substances and their com- 
pounds are, for the most part, dissolved in the cell-sap; but in 
most of the higher plants we And, in certain cells of the parenchy- 
matous tissues, crystals of definite composition, either Scattered or 
collected into groups of definite form. These crystals are called 
raphides (fig. 555). They are common in certain orders of Flower- 
ing Plants and Fungi, though others seem destitute them. 

It is not clear whether the raphides are to be regarded as a secretion 
or as an excretion — that is, as suWances useless or noxious to the plant, 
laid by in an insoluble form. The latter seoms more probable, especially 
as they are usually deposited in tissues of enfeebled vitality. The Foly- 
gonacem (for example, the Garden Rhubarb) form abundance of oxalic 
and other organic acids, and they always contain a quantity of bundles of 
raphides composed chiefly of calcium oxalate ; in old stems of Cactacess, 
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tke substance of the parenchyma is rendered quite prntty to the touch bv 
crystals of calcium oxalate and phosphate (% 564); the Musacew con- 
tain crystals of calcium sulphate, &c. The large spicitlar cfUs of Arauca- 
ria and of WelwiUchiay already referred to, are covei*ed with small 
crystals. 


Fior. 664. 


Fig. 665. 



OluBtureil cryBtalB Itom 
Oaetua, 




it 

Aoiouliur oryntfili* (raphides) in a otdl 
of Polt/aniken tuheroga, 

400diBin. : a, a aingle oryntal, mure 
magnilled. 


Crystals usually occur free in the cavity of the cell ; but in some 
plants, (3specially in this Urticacom, ^v^^ tind them accumulated on a 
clavate process, formed of cellulose, developed from the side-wall 
of the cell : these are called c^/stolithcs. 

These curious structures are well seen in the subcpidermal cells of the 
leaf of Ficuit elastica and other specie.s— also in Parietaria, the Mulberry, &c. 

Other important substances, such as the vegetable alkaloids and the 
OTeat number of organic acids usually associated with them, exist either 
dissolved in the cell-sap, intermixed with the protoplasm, or diffused in 
the solid cell-structures ns impregnating or iiicrusting substances. With 
rcjgard to these, microscopic investigation has not hithei-to afforded any 
information.* 



Sect. 3. Combinations of Cells. 

Tisanes consist of collections of cells of uniform character com- 
bined together by apposition or by more or less complete union of 
their outer surfaces. They are produced by the aggregation and 
juxtaposition of cells of equal age or degree, originally separate and 
distinct, or more frequently by colls which are formed by repeated 
subdivisions of preexisting cells. In the one case the tissue is mul- 
tiple from the first as to its elementary constituents ; in the other it is, 
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at least relatively, simple, its coiistitueuts being the desceudauts o£ 
u suiall number of cells. 

The simplest mode of combination of cells is that which is met with in 
a large numbei’ of the Algie of low organization, whore the ceils ai’e asso- 
ciated for a time in what are called coltmie», the members of which are 
iiioi-e or less completely iudepeiideiit of each other in physiological respects, 
but morphologically represent parts of a determinate whole ; while ulli- 
nialcly they separate, each to lay the loundation of a now colony. 

Examples of this may be seen in the grouped JJasmidtea, like Pediun- 
tram (lig. 50«‘l, ii, a ), the Diatumetfif &c., and in the Palmellea ; to this head 
is also referable the structui*e of some of the tilamentous Cojihu voids, 
>'oiYocinem (lig. 500, D), and Jlydrodictyon. These groups of ceils are 
either held together by simple atUicbiiKmt at certain points of their sur- 
faces, as in the Dvsnndivtej Jlijilrodietyon, IHaU.ma (lig. 50.S, 11, c), &c., 
or by their being enclosed iu a gelatinous common envelope (resulting 
fi'din the expaiL'iion or the decay of parent-cell membranes^, us in the 
Voltmcinete^ Palmellece^ and NoatochiiUKB. 

Intercellular boundaries. — A complete coalest?ence of the cellu- 
lar membrane of one cell with that of its neighbour so as to form a 
homogeneous whole takes plac.e, so that, although the bounding 
membrane between one cell and another would appear neci^ssarily 
lo be double, each cell having its own proper coil-wall, ycd* if very 
young growing tissues be examined where the cell-walls are very 
thin, the boundary-wall between adjacent cells may bt^ seen to bo 
simple, without any trace of separaiiou. It is only in older thick- 
walled ceils that a line of demarcation liecomes obvious, in the 
form of an intermediate lamella, at one tiiito spoken of as the inter’- 
cellular suhslance, aud supposed to Ikj a distinct substance, but 
w liich is now shown to bo the result merely of a difference in den- 
sity or molecular structure of the cell- walls during their thickening. 

Where the cells, during growth, separate at various poiuts ojie 
from another to form intercellular sjjaces^ there the boundary- walls 
necessarily split to form the spaces in question. So also where 
cells originally united become disconnected, as in the pulp of fruits, 
the partition- walls naturally become separated, though originally 
the boundary- wall is uniform and homogeneous. 

Parenchyma. — The tissues are distinguished into kinds accord- 
ing. to the form of the cells, the character of the celi-uiembraiie, 
aud the manner in which the cells are connected together. 

Where the cells are roundish or elliptical, the tissue is called parent 
chyma ; and this is called imperfect or perfect accordingly as the consti- 
tuent cells have interspaces wtween them or are closely packed so as to 
leave no intercellular spaces. Where the cells are much elongated, the 
tissue is called prosBuchymaf and the constituent cells are known as fibres. 
C'artilagiuouB tissue is known as coUendtyma ; and two other kinds are 
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characterized by peculiar inodes of combination of the colls, viz. felted 
tissue (tela cmitv.rta) mid vascular tissue. 

Imperfect parenchyma {merenchyma) is composed of cells with more 
or less rounded surfaces connected into a lax tissue, necessarily presentinj^ 
abundant intercellular passages and spaces. The cells are tolerably uni- 
form globular or oval (a), or lobed, and connected at few points, leaving 
wide intercellular passages between tiiem (h) ; in other cases the cells are 
more or loss stellate, and leave large spaces between them (c). 

The form a is common in all young organs of the higher plants, espe- 
cially in the rind and the pith (tig. 520), in the p^dp of fruits, &c. ; o is 
veiy characteristic of the lower stratum of the internal substance of leaves 
(fig. 522) ; c occurs in the stems and leaf-stalks of aquatic plants, in the 
pith of Rushes (fig. 524), &c. 

Perfect parenchyma is composed of cells bounded and unifed together 
by plane surfaces ; where the cells arc regular nolylicdra, of about equal 
size, the tissue is ( a) regular parenchyma ; if the size is unequal and the 
forms unlike, thc! tissue becomes (6) irregular parenchyma. Certain modi- 
fications of regular parenchyma have received distinct names, viz. : — (c) 
prismatic parenchyma^ where tlie cells are 0-sided prisms with pyramidal 
en<ls; (</) murifonn parenchyma^ whore tlie cells are square or oblong, 
w'ith the long dinniefer liorizoiital, and packed like bricks in a wall ; and 
(c) tabnlar pnrenchyiinay wdiero the cells are flattened from above down- 
wards. 

The form a is abundant tlirougbout all classes of plants, and is well 
seen in fully developed pith of Dicotyledons (fig. 52G); h is even more 
common in the soft piu'ts of plants (fig. 527) ; c is mot with in the her- 
baceous stems of Monocotyledons, and in the upper part of the ditichyiua 
of leaves, also in a woody condition in the testa of various seeds ; d is 
characteristic of cortical structuivs, and may bo seen in cork, periderm 
of Rimh, the rind of the rhizome of Tamm &c., also in the medullaiy 
raj’fl of Dicotyledons ; e occurs specially in the epidermal cells. 

Merenchyma and parenchynin in tlieir various modifications run into 
one another by countless intermediate conditions. 

Sclerencbyma consists of ordinary cellular tissue, the constituent 
cells of which become ultiinabdy filled with stratified woody thick- 
enings. They occur locally, even as individual colls or in groups 
{selerite^i)^ or even in more or less continuous layers. A familiar 
illustration occurs in the “grit” of Pears, l^heir purport is sup- 
posed to be to protect and support softer tissues. 

Frosenchyma is composed of cells elongated greatly in one di- 
rection, and attenuated to a more or less acute point at each end, 
forming what is called a fibre. These fibres are necessarily united 
for the most part by their lateral surfaces, and their ends are insi- 
nuated into the spaces between those lying above and below them. 

We distinguish in prosenchyma two modifications — (a) woody 
fhre^ composed of spindle-shaped cells of moderate length, and (6) 
liher or bast cells, composed of very long slender cells which ai*e 
occasionally slightly branched. 
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Woody fibre is the main constituent of tbo trunks of Dicotyledons ; its 
cells ore mostly of rectaiiguloi* section, and tlie walls become greatly 
thickened with age. Liber, the fibrous substance of the bark of Dico- 
tyledons, a principal constituent in the fibro-vascular bundles of Monoco- 
tyledons (fig. 6^1 ), and of the fibrous husks of fruits, &c., is composed of 
very long cells, wnose inenibraues are of a i)eculiar toughness, even when 
greatly tnickened ; their section is commonly roundish (fig. 629) or hexa- 
gonal. The peculiar tenacity of the vegetable fibres, Klax, Itemp, &c., 
iirises from tbo forms and mode of union of the liber-cells of wbicii they 
c«)n8ist; the “gi’ain of wood is likewise^ determined by the direction of 
the long axis of the prosenchyinatous cells of which it is composed. 

Omducting cells are long, cylindrical, thin-walled cells, placed one over 
the other, and not tapering al the ends, and are supposed to be channels 
for the passage of the nutrient fluid. 

Collencliyma is a substance formed especially at the points of 
contact of cells. It is of a cartilaginous or horny texture, its colls 
b(M*oTiiiug greatly thickened by secondary layers of a substiince 
softening or swelling up in water, or on the addition of weak sul- 
phuric acid. It never becomes Jignified. 

The laniiimtion of tlie cell-walls is often invisible until after macera- 
tion ; so that the tissue looks like amasvS of liomogeneous substance, exca- 
vated into cavities, or like a collecliouof colls with abiuidaiit intercellular 
substance. A solution of chromic acid also serves to show the laminated 
structure; but if used too strong, it dissolves the intercellular substance. 
The outer portion is not coloured by Schulze^s solution or anilin; but 
the inner portion next the cell- wall is tinted blue with iodine. This 
tissue occurs in tlie rind of many herbaceous plants, ns (^-heuopodiacoa^ 
(tigs. 660 & 657), Cneurbita, Nymphtca (fig. 6.26), and the pith and niedul- 


Fig. 660. Fig. 667. 



Fiff. 566. TranavorRe eociion of collcnchjmA-ooUs of the stem of Beet: a, thickened oell-irall. 
Ma^n. 400 (Hum. 

Fig. 567 . Secliua of the juncTtion of four cells (a) of fig. 556, tn^utod with hjdrochlurie aoid : a, 
lamina bounding the cavity of the oells; 5, swollen stNicmdavy layers ; e, |>rimury 
membrane. Magu. 400 diam. 


lary rays of the species of Astragalm (forming tragocanth ”) ; and to 
the same head may be referred the substance of fleshy endosperms (tig. 
668), and also the cartilaginous thallus of the larger Algo). 
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TeM conteocUi is composed of elongated cylindrical cells, sometimes 
called Jiyph(fi^ united end to end into filaments, and (dther simple or 
branched laterally, interwoven irregularly into a kind of felted mass. 

This tissue occurs in the 
thtilliia of Lichens, forming 
the internal or medullary sub- 
stance, also in the thallus of 
some Algm. The mycelium 
of the Funtri is likewise oom- 
poHcd of felted cellular fila- 
ments Ibrming a free cottony 
mass (fig. 1 11, p. H). 

Vascular Tissue. — Vcis- 
cnlar is formed bv 

the absorption of a portion 
of the contiguous walls be- 
tween cells, so that th<‘v 
lecoine converted into coii- 
biriiious tubes of more or 
less <-07isiderable length. 

When the constituent 
cells have spiral-fibrous 
secondary thickejnngs, they 
SLW. usually of prosonchy- 
inatoua form , and they over- 
lap each other so that the lines of iinioii are ol)li(]uo : sometimes 
these spiroid tubes are distinguished as vesads from those formed 
of the usually shorter, mostly wider, and more or Jess flat-ended 
cells which have pitted walls, and whicii aro called dotted or 
dnetx. 

The dotted ducts are connected with tlie spiroids through the sralnri- 
form vessels, but in their evtrt)me forms uro very unlike, and are found in 
very different situations. 

The vessels, like the cells, may be spiral, annular, reticulated, 
or scalariform. They also present special forms hereinafter lueu- 
tioiicd. The coiislitiiont c-ells may he long or short; in the 
latter case the vessels are sometimes called mouiliform. The spiral- 
fibrous structure oft(!ii remains when the primary membrane is ab- 
sorbed at the surface of jimciioii, so that the constituent cells of a 
vessel are merely separated by a kind of “ grating ” of bars. 

Spiral vesaeh (fi^. 559^ are found in the youngest and most delicate 
parts of the plants in which they occur. They are the parts of the woody 
structure first developed in stems ; they are extensively developed in tlie 
ribs of lenf-stalks and leaves, and almost exclusively constitute those of 


Fig. 558. 



Peotion of tho wlls of the* BoodR of Sopkora japonitn : 
a, thii'konrd ci*ll- walls; A, covity of tho cell# 
(bounded by a double line). Magn. 400 diam. 
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tlie organs of flowers, as may be seen in petals. In stems and leaf-stalks, 
especially of fast-gi‘owing organa, the constituent colls are often very 



Fig. 552. 



D. 400 diaiD. 


Fi- 1560. Fragment of a TPseel from the stem of a Gourd. Magn. — --jr ^ 

F^S’ 661. Frigmrnt of a spiral vessel of 
Kg 662 Fragment of the wall of a reticulated vessel of Uhubarb. Mogn. 400 diam. 
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long and the course of the vessels straight ; in roots, and in concentrated 
rhizomes and cornis, &c., the constituent cells are mostly short and the 
course of vessels tortuous. The spiral fibre in thtj interior of these vessels 
has been considered to be hollow or tubular; but this is not generally 
regarded ns con*ect. Ultimately they are empty alike of protophusm and 
cell-sap, and serve as air-conductors. 

Annular resseht (tig. 600) are found in situations similar to the last, 
being generally formed a little later in the same bundles. They are com- 
monly of gi’eater diameter than true spirals. This is the commonest form 
of vcs8(d in the hlquisetnceftj. 

HetUndated t'esseln (fig. 6(>2) are abundantly developed with the spiral 
and amildar kinds in succulent sterns^ roots, petioles, &c. They are very 
important constituents in the fibro-vasculnr bundles of Monocotyledons 
generally. They are mostly of rather large diameter ; their cells L)ng in 
stem-structures, short and irregularly fonned in roots and in the inner 
(!ortical region of MonocotyhMlonous stems, where a number of vessels are 
often anastomosed into a kind of network. 

iSaaInrifonn vessels (fig. 641) are especially charwteristic of the woody 
structures of the Ferns and Lycopodiacese, in which they sometimes occur 
of very largo diameter. Most vessels are cylindrical, and present a more 
or less circular section ; but the scMilariform are prismatic, usually with an 
hexagonal section. 

Vessels, when once formed, are usually persistent ; but in some water- 
plants the stem when young is traversed by a single spiral vt^ssol, which 
disappears as the stem grows older, so that in the adult condition the 
stem seems wliolly cellular with a central lacuna. 

The jiitted or dotted ducts (fig. 6t‘l(i) are characteristic of the wood of 
Dicotyledons, wliore they occur either scattered in the prosonchyma, or 
forming tlie principal constituent of the wood. 

The walls of pitted ducts are not always uniform, this depending in 
some cases upon the nature of the organs with which they ore in contact, 
whether cells or otlier ducts, since the pits always correspond on the walls 
of adjacent organs, and they arc ordinarily less numerous and less regular 
on the walls of prosenchyniatous cells than on those of ducts. 

The pits and their bordtjrs (n. 487) art) very generally somewhat elon- 
gated obliquely ; and the canal of the pit is often enlarged into a trans- 
verse slit in the inner part, which in some cases becomes confluent with 
that of its neiglibours. In some plants we find ducts with the wall 
marked both with pits and a spiral fibre, like the walls of the wood-cells 
of Taacm (fig. 642). 

Pitted ducts with uniform walls make up the chief moss of the wood 
of Clematis, In the wood of Elder, lieecb, Hazel, Alder, &c. we find ducts 
with pits numerous on the walls adjoining other ducts, but distant or 
absent on the walls adjoining wood-cells. In Bomhax the wood-cells are 
for the most" part replaced by parenchyma-cells, and the walls of ducts 
adjoining these have tlie pits destitute of the border &c. 

Pitted ducts form the large tubes, visible to the naked eye, seen in cross 
sections of most woods, esptjcially Oak, Mahogany, &c. They are absent 
from the wood of the Ooniferro, which is wholly composed of simple 
wood-cells (tig. 637). 

Vaaa propria are elongated cells with thin walls, and cither oblique 
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or flat ends, where’tliey adhere together; they vary in diameter, like the 
spiroids. and sometimes present on their 'walls largo pits or spaces, covered 
with a Idjid of flne network of fibres, as in the clathrate cells describe 
in a former section. 

Cells of this character (which differ from tlio cond'twtmy-celU before 
alluded to, in that the latter are destitute of markings or pita) always occur 
in the middle of the fibre- vascular bundles of Monocotyledons ; and they are 
intermixed, mostly in alternate layers, with the liber in the fibrous layer 
of the bark of Dicotyledons. They are strikingly distinguished from 
roi<h by containing thiclc and op^e sap, while the latter usually contain 
only air when fully developed. 

Oaapary includes under the hortd of conducting-celh not only those 
('vlindrical tubes before alluded to, but also elongated cells having the foim 
and appearance of vessels, but wliitih do not form continuous tubes, being 
separated one from the other by partitions formed by the adjacent ends of 
the cells. 


Laticifirom veMeh, or mil]<-vea«els, containing the latex or milky 
juice of such plants as Ponpies, Kuphorbius, Cichoracete, &c., 
are form(*d from series of cells, the parti- 
tions b(‘twe('.n which become very early and pj 

speedily obliterated. 'Flu! constituent c<dl8 
may be placed one over tlu^ other to form ^ /|/ 

ultimately a straight tube, or, more generally, ;|® , • '/ ISf ' I 

the lateral partition-walls between the ceris 
become obliterated, and the result is a branch- 
ing tube, or series of tubes, which, according 
to Trecul, anastomose with other kinds of 

vessels, and allow the contents of the one to 1 

pass into the cavity of the other. They occur 

most abundantly in the pith and inner layers 

of the bark, in roots, leaf-stalks, &c., often ML 

forming a complete netw’ork. Dippcl says r f / 

the laticiferous vessels rephice the clathrate ffl j' ^ Ig 1 jSf IS * / 

or latticed vessels of other plants. Their JS ; IS 0/ /l 

presence is most easily demonstrated by boil- • 

ing a fragment of tissue iu weak solution of • 

WSSC& (Ilanstein) resemble simple lit - ilr.'V, ffl'* L 

iinbranched laticiferous vessels, containing a | 'p ilj jlT 

milky juice. They are formed of rows of cells yS > 

disposed lengthwise, and their parlition-walls ^ ' iK* 

are thickened and perforated os in the si/tve LRtieifeniiiBranaJBirom 
rM (see p. 4H7). Tllis form of vessel occurs in Mugn. loo <l»m. 

the bulbs of tlnions and other Monocotyledons. 

In ComraelynoceiB and in Pandanaceas long rows of cells are met with 
filled with raphides, and ultimately forming continuous tubes, which are 
stated by Honstein to be homologous with latex-tubes. 


TylOBos. — In some instances, as in the Vine, vesicular formations mav 
be seen in the interior of the large vessels. According to Von Mohl, 
they are produced by a protrusion of the adjacent coll, which penetrates 

2 L 
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the pore, and either tears through or causes the ahsorption of the primary 
meinbrano of the ve8;sel. 

The Systems are combinations of tissues, of like or different 
form and character, into elementary structures formed on doliuite 
plans, and destined for particular purposes in the economy of the 
plant. 

In the simpler plants there generally exists no distinction of 
systems; but even in tb<^ higlier yVlgm and Ijichcns there is a dif- 
ference in the cortical and medullary portions of the thalliis. In 
])larits poNsessin" stems and leaves, the libro-vascular or wood- 
system makers its ap[)eanince ; and we may distinguish in the 
Phanerogam ia three ])riiiuirv systems, viz. the Cellular^ the Film)-- 
V(iscidtn\ and Cortical I'hese are ail formed of proper 

coiistil iient cells or tissues. 

Jh;sid(‘s tlu'se, we luive systems Avhich are formed for the most 
part by lh(^ ijiterspat*(\s bet ween the cells of the above' tissues, viz. 
the Arnal Sy.dnn, consisting of intercellular passages, spaces, or 
oven large cavities ; and tlui /Secretary System, including the milk- 
vcssols, r('S(n*voirs for secTction, glands, &e. 

The Cellular System.— This name is appli(‘d to the cellular 
tissues forming the gr(*at mass of the living structure of jdants. 
Ill tho Thallopliytes it forms the whole organization, tho supor- 
ticial lay(^r of the larger kinds of tliallns not being a true cortical 
layer like that of the liighcr plants. In thc^ Mosses and llepatiea) 
little is added to tho cellular system, the Jihro-vascalar system 
appearing in a very simjile form in the stems, and the corikal in 
tho shaj)e of an epidermis to tho seta. In the higher Cryptog;imia 
and the PhaiKTogamia tho cellular system is less predominant, 
except ill t he tein})orary organs. In the sterns and roots it forms 
tho pith and modnllary rays of Dicotyledons, and tho diffused 
inodullary system of Monocotyledons, together with the camhial 
stniclii res ill all growing regions; and it forms tho mass of the 
leaves and the parts of the Hower. It is in this system that tho 
vital processes of vegidal iun are chiefly carried on. If the con- 
stituent cells do not grow or divide, they wnstilute a liermantni 
tissue ; but if the cells divide, they form mcristom, or generating 
tissue. 

Meristem. — Tliat part of the parenchyma, or cellular tissue, 
wliose constituent cells multiply, or are capable of multiplying, by 
division, as subseipii'iitlv explained, is called merUtem, According 
to Hansteiri’s researches on the development of the tissues in the 
embryo plant, the meristem or gro\^ing cellular tissue, in the course 
of its development, gradually undergoes changes which result in the 
formation of distinct layers of cells — differing in size, form, and motlo 
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of division, and which may be grouped under the three heads of 
demiatoiien, ‘perihlem, and ‘plentme, J^'roin the dermatogeu -cells the 
root-cap, the epidermal tissues and their appendages, hairs, &c., 
develop themselves, 'rhe cells constituting the periblem are the 
precursors of the cortical tissues. The cells of the plorome form 
t he cambium^ and ultimately the fibro- 

vascular bundles and pith. The pericambium is only found in 
roots, and is merely the outer layer of the pleromo (Mc^JVab). The 
procuwbial cella are those which are destined to develop into the 
libro-vascular bundles. The cambium is that portion of the original 
plerome which is not converted into fibres or vessels, but the cells 
of which retain their mort^ or less spherical form and their powt^r 
of subdivision. The carnbial cells occupy the centre of the tibro- 
vascnlar bundles of Dicotyledons, between the outer phloiim portions 
and the inner xylcni or vascular portions. At the extreme apex 
these layers are not yet differentiated, but form a mass of cells of 
equal siz(* and dt'gree, sometimes called the initial cells. In many 
(’ryptogams, however, the ends of tho stem and of its subdivisions 
are constituted by a single apical cell. 

The Fibro-vasciilax System. — Tliia system forms all the woody 
structures of ]jlaiits, which in all cases an^ composed of a (juantity 
of conjoirKHl portions of cellular and vascular tissue arranged in a 
peculiar manner, and derived originally from a definite portion of 
the plorome culled the procahthitim. The cells of this latter are 
either all converted into tmue (vessels, liber-cells, <fcc.), 
or some of them remain in a morismatic condition, if capable of 
division, and these form the camhimn. The kind of cellular 
tissue associated with the vessids is mmtly proscnchyitt a ot Jihrom 
tissue ; the (jonstituent elcmcmts wood of are called Jihro^vmculftr 
bundles. In Dicotyledons the fihro-vascidar bundle usually con- 
sists of wood-cells and vessels (xylein ) internally, liber-cells (phloi-ni ) 
externally, sepanited by cambium. The bundles are plunged in paren- 
chyma. If the bundles are devoid of meristem or cambium they 
are dosed ; if, on The oth'eFtifiUd*, they cnntftifinwhbium, tFie bundles 
arc'calleil open. All w(jody substance apx)ears originally in the con- 
dition of isolated iibro-vascular bundles, which, M’hen they remain 
8ej)arate, form what are commonly called ‘‘ fibres,” and v^ hen they 
combine together into a solid mass, form “ wood.” The bundles re- 
main as “ fibres ” in the stems of Monocotyledons ; they are in the 
same state in tho earliest conditions of the stems of Diccityledons ; 
and such “ fibres ” form tho ribs of leaves and other organs. 

That portion of the parenchyma which remains after the con- 
version of the meristem into fibro-vascular tissue is called the 
fundamental tissue. 

2 L 2 
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The fibro-vascular bundles differ in their mode of p'owth in 
different Classes of Plants, which, in consequence of this, exhibit 
(considerable difference in the structure of their mature stems. 


The simplest form is absolutely without vessels, as in Mosses 
and some simple aquatic PhancTo^^amia (Potamoyeton), where the 
fibro-vascular tissue is composed simply of cords of prosonchyma 
traversing thtj cellular tissue. 

(vonij)lele bundles, however, possess several elements arranged in 
(h^finite order ; these belong to the w’ood-rcgion, the cambium- 
region, and the liber-region, Tlie wood-region^ which lies next the 
centre of tlie stem, is composed of short-celled prosonchyma inter- 
mingled with spiral and other vessels (and in Dicotyledons pitted 
ducts) ; the cf/»i?n‘ai/«-r(*gion is composed of prosonchyma in a 
nascent condition. Tht^ increase of such stems depends on the 


development of new cells in 
this region. The region 
is (‘omposed of very long pro- 
seiichymatoiis tissue (usually 
ill the (iondition of isolattid 
l>undlt?8 of thill laminui con- 
necti'd by cellular tissue in 
the Dicotyledons), In the 
jVIonocotvledons the reghm is 
converted into vasa proj^rm 
(fig. 564). 

in the Dighcr Cryptogamia 
thiu’e is no derruatogen, but 
only peribloni surrounding the 
]derome ; the bundles are cZem/, 
and do not alter in their con- 
dition when once formed, and 
they anastomose with those 
that succeed them in sueees- 
sive iiiteruodes of the stem, 
so that the Jlbro-vaseular 
structure appears continuous. 

In the Monocotyledons 
there is but little periblem ; 


Fig. 5(^4. 



the bundles are also closed, Monorotyledonoiu-flbro-vaTOular bundle (from the 
- , , j ’ spndix of Pkaemr dactyiyera). A. TruuHvewitt 


are formed by degrees, a cam- 
bi iim-region being formed from 
the plerome and occupying the 
central part at first ; but after 
a time this is wholly resolved 


seuUon. B. Vnrtioal Hectiun: », parenohyma m 
wliieh thit bundles lie ; «f'. wood-rells ; •«, siiiral 
>e8Hfls; df rolicnlntt'd ducts (from tr to a aro 
ineliidf'd in the yoody portion of the bundlo 
or xylem) ; v p. rasa propria; I, liber-cells (from 
V viol aro iiiulud<‘d in tne pblo^'m or liber part 
ox the bundle). Magn. 100 diam. 


into wood, liber, and vasa propria. These bundles remain isolated 
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in the stem, never alter in condition after the first season of 
growth, and turn outwards to terminate at the surface of the stem 
above and below, anastomosing with their successors. 

In the Dicotyledons the bandies in a young shoot somewhat 
resemble those of Monocotyledons, but they stand in a regular ring 
round the pith. On the inside they present spiral and annular 
vessels ; next, a mass of prosenchyma with dotted duets, which 
passes gradually into the cambium-layer; the latti»r is boundeil 
externally by liber, among the bundles of which are vasa 
These bundles are indefinite in their growth, producing new layers 
of permanent tissue, liber-cells on one side of the cjimbiiim and 
wood-cells on the other. Hence the division of the bundle info 
phloem or bast tissues, and Xjfiem or w’ood, separated by the cam- 
bium when present. The ])hloem consists of thin-walled, often 
latticed cells, sieve tubes, and of largo thick-walled liber-cells. 
xyleni consists of thick-walled cells and pitted vessels, surrounded 
by woody parenchyniatous cells. Sometimes the cells do not be- 
come woody. Gr<»at variations occur in the degree in whiidi tin* 
several elements are present, even at different parts of IIk? same 
bundle. The lower extremities elongate indefinitely in the 
root ; the upper extremities anastomose and become continnoiis 
with their successors; and above all, the cambium-region is an 
indefinite focus of development, forming a new layer of woody 
substance inside, and a now layer of liber outside during every 
season of growtL 

Protecting Sheath. — This term is applied by Caspary to a single 
layer of cells without intercellular spaces surrounding each tibro- 
voscular bundle, or surrounding the entire ring of bundles. By 
Van Tieghem this layer is called the emioderm. Its cells are usually 
more or less lignified. ’ 

The Cortical System. Epidermis. — In young stems and in her- 
baceous organs generally this system is termed the epidermal 
system ; as stems grow older, this gives place to the harl\ The 
cortical system may therefore be defined as comprising all the 
tissues outside the cambium ring when present. 

The simplest form in which the cortical system exists is tliat 
of a simple layer of flat cells firmly united by their sides, forming 
a continuous coat over the surface of a plant, called the epidermis. 
The constituent cells of the epidermis do not divide tangentially, 
but always parallel to the surface. These cells, moreover, are 
entirely devoid of chlorophyll or granular matter, and are derived 
from the dermatogen cells. The epidermis is usually caducous, 
being succeeded by the formation of corky periderm cells. Where 
the stem remains green the periderm is not formed, but the epi- 
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(iermis persists. Such an epidennis clothes all the or^ns of plants 
above the Class of Mosses ; ajid it prtisents this simple general 
character on all young structures, with one special distinctioiL 
only, that on siibrnergtjd organs and on roots it is absolutely con- 
tinuous and impervious ; while on parts (ixposed to the air it pre- 
;Hents more or less niimerous orifices guarded by a peculiar cellular 
structure called a stoma (fig. 5()5, a). 

Stomata. — The stomata are orifices between the meeting angles 
of the epidermal cells (fig. 5(50, B), in which orifices lie, rather to 
the underside, a ))air of cells of semilunar form (fig. 5f)(), A, C), 
separate on their adjacent sides, so that in expansion and contrac- 
tion they close and open a slit-like passage beneath the sii])erticial 
orifice. This slit (fig. 500, A, s) lends to an open intercellular 
space within the substance of the leaf. 

Fig. 500. 



Fig. 506. Fpidermis of the lower surface of the leaf of Helleborus fatidus : a. stoma. Ma^ii 
200 diam. ^ 

Fig, 560; StoinnUi of th«* leaf of NarviMut P^eudo-iCartfigaw. A. Vertical section of the epi- 
dermal and Hubjacent eells, pasaing through a stoma, s: c, cuticular pclliole ex- 
tending down into the atoumtol eavity. 1\ & C. Horizontal Mcction of the epi- 
dermis. passine through the plane of x in A: B, seen from above; C, seen from 
below ; d, smaller epidermal cells correR|)ouding in ^KNUtion to the stomata, but 
remaining in their original condition. Magn, 200 diom. 

In Nerium the stomata are on the walls of pits or depressions on the 
under face of the leaf. Sometimes the stoma is formed of four cells, and 



COBTTCAL SYSTEM. — STOMATA. 519 


then either in two pairs, os in Fi^ua elaaHcay or the four cells form the 
quadrants of u circle, as in various ProlefiCfUj. 

Htoninta ai*o most abundant usually on the lower surface of leaves, often 
Wanting on tlie upper surface — except on the Heating leaves of aquatic 
plants, wJiere they exist on the upper surface, and are absent where the 
leaf touches tluj water. The^ are occasionally found in thc^ interior of 
organs, as on the rcphim of Crucifers, 'fhev vary in frequency, partly 
hearing proportion to the aiz<*. of the ctdls of tlio epidermis, partly invla- 
tive to this. Sometimes 100 will be found in a square line, sometimes as 
many ns 1000 to ilO(K). On the loaf of Braaaiea ihtpa a square line b<iars 
l-S(K) on the upper lace, .‘1500 on tlu^ lower; Victoria rvtjia 1800 on a 
square line above, and none below. A few other examples may be cited. 


Cherrv-Iiaurt‘1 

On tin* upper 
face. 

On 

02.1 ti 

JiaiiruslimiM 


025 

Daphne Mczvrenm 


:>0 

Oarmitiun 

ii.M) 

250 

(ini’dtm blag 

80 

80 

(Tiirdeu Ivbubarb 

7 

;U) 

Lilac 


1000 


From the researches of Duebartre, Morren, and others, the following 
conclusions may h(5 drawn, subject, however, to ninny exceptions. Sto- 
mata are more abundant in woody than in herbaceous plants, in leathery 
leaves rather than in those ol‘ thinner texture. Succiiliuit leavi*.s contaiii 
the smallest nuinhers of stomata. Where leaves are alike iu ti'xtiin*. and 
colour on both surfaces, the number of stomata is about equal on both 
sides; wheu one side is glossy and the other dull, the stomata are most 
abundant on tht5 latter, &c. 

Form of Epidermal Colls. — The cells of the epid<.*rmis exhibit a great 
variety of forais in the leaves and petals of Plninerogamia. It is very 
common for tJ>e side-walls, by which they adjoin, to bfi sinuous or zig- 
zagged, often presenting very eh'gant patterns (tig. 5tJ5), especially on 
petals. The external wall of tlie, cells is usually more or less tioiivox ; 
and in petals this condition is carried further, through numerous grada- 
tions, until wo find a papillose condition, arising from each epidermal cell 
being produced above into a little obtuse cone. 


Hairs; Trichomes. — Hairs and scales of all kinds, “scurf,’’ 
such as wc see iu the Bromeliaceic &c., depend on the develo[)mcnt 
of the epidermal cells. Simple hairs are merely single ei>i(lermal 
colls produced into a tubular iilainent ; cell-multiplication usually 
occurs in such hairs, so that they present a number of joints (tig. 
6(>7, h ) ; and not unfrequeiitly they are more or less bmnehed (fig. 
507, c, d). Glandular hairs differ merely in certain of their cells 
secreting oils or resins in their cavities (fig. 507, /.) Scales are 
produced by epidermal cells growing out into flat cellular plates 
instead of projecting filaments. Thorns, such as those of the 
Bose, the prickles of leaves, like those of the Holly, <&c., are epi- 
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dermal products in which the &11 b become thickened by woody 
secondary deposits. 

Fip. 567. 





Kliidf'rnml np]i(>ii(1a);(‘H: ^landof in vorkifal Ht'ftion; ft. Hiinpla joiiit»*(l 

hiiir of J^Hlurtjoniunt; c, linirof Sitmnihriiim iSSopAfti: d, hair of garden Chrysun- 
tliennim; e, hair of a Qrevitleti; J", tiair of the bulbil of Ackmsuost with a glan- 
dular turininul cell. All luagn. oU diam. 

Thickening layers of Epiderm-cells. — 1'he most reraarl<ahle 
divtirsities of condition of texture of herbiici^ous organs depend on 
the consistence which tlie epidermal layer acquires. The leathery 
t(*xtiire of evergreens, the woody chiiracter of the leaves of Coni- 
I’ers, <&c. depend chiefly on thickening of the wall of the epidermal 
cells. 

Jn all epidermis exposed to the air, the onteT walls of the cells 
Fijx. 568. Fig. 5()9. 





Fig. 06S. Vcitical m'ctioii of fpirleriiiHl Oflla of tiu* li’af of Iltjjfa cvti tionn : a, tlie portion of tho 
Hfc-ondary lavrr roloiirfd yi'llow' by UMlint*. Magn. 4i0 diam. 

Fig. 669. Sei'tion an in ilg. treutrd with (wiiatio potoah : a, drtnohed cuticular pellicle; 6, 
the hiyera ui thieJuMiing of the outer walla of the oella. Magu. 440 ^am. 

become early st rengthened by secondary thickening ; these are 
very thin and slight in soft herbaceous leaves, especially when such 
plants are reared in a warm, moist atmosphere. In leathery or 
hard leaves, also in the thick tough leaves of succulent plants, 
such ^ the Aloes, H(yj/a (figs, 668 & 569), &c., the secondary 
layers acquire great thickness; and in the epidermis of the 
branches of Viscu7n (fig. 570) the cells become absolutely filled up, 
and the cells of the subjacent layer of tissue also suffer the 
same change. 

In the comrse of this thickening, the superficial laminte, exposed to tlie 
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air, become more or less chemically changed, and at the eame time funed, 

as it were, into a continuous layer aU over the siirface of the organ ; and 

^ maceration, or applying 

mtric acid, wn may separate p- 

tliis ()utt*r stratum as a con- 


tiiuious slieet or pellicle. This 
layer, which strongly resists 
decomposition, is called the 
cuticle (ligs. />(j9 & 571, oj, 
and is constituted by the 
altered ouUji* walls of tho 
colls. It is usually blonde ‘d 
with waxy material, which 
sometimes exudes in the form 
of “bloom,” as on the sur- 
face of some fruits and l(Mives. 
Unlike cellulose, cuticidar 
struclures are dissolved in 
caustic potash, but not by 
Hulplumc acid. Iodine and 
sulphuric acid stain them 
yellow. These characteris- 
tics are similar to those pos- 
8t)ssed by cork. Aiiilin and 
sulphuric acid, acconlinff to 
Wiesner, do not stain them 
as they do vasculose. 

In Cycm the inner laininm 
of tho secondary deposits 
exhibit pits like those found 
on the w^alls of wood-cells; 
but this is a very rare phe- 
nomenon. 

The aerial roots of Orchi- 
dacefc exhibit a curious struc- 



Vortical wetiem of **|>i(l«Tmal cells of old Htem i 
Viscum aUium. Maf^n. 400 diaiii. 


Fig. 571. 



ture, tho growing extr(*initit»S VcrticHl Heetion of ej^idemml eelli of JtrUghorwf 
bring clothed by a whitish «»■»■»»>• 

cellular tissue composed of 

several layers of cells with a delicate spiral fibrous deposit on their walls. 
This layer forms a kind of coat over the real epidermis of tlie root, and 
is known by the name of the velameu radicum^ 

Hypoderm. — In some cases, beneath the layers of epidermal cells 
are layers of wood-cells (scUrenchyma) or of elongated thick-walled 
cells, like liber-cells. These serve to strengthen the epidermis, 
and are called h^^podermal cells. They originate’ from the 
plerome. 

Cork. — ^The young shoots of Dicotyledonous trees and shrubs 
are clothed with epidermis like herbaceous plants ; but before the 
close of the first season of growth, in most cases, the green colour 
gives place to brown, which is owing to the formation of a layer 
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of cork from the outer layers of cortical parenchyma. The surface 
of the corky layer is usually rough and irregular, and it peels off 
in lamiiue periodically iu certain ])lau1.s, being renewed by deve- 
lopment from the green ct*llular layer which it covers. 

Ill some plants tho corky layerislitthi devtiloped, in others very much, 
as iu the Oork-Ouk. In the and Uleiiintis the corky layer is scarcely 
distiugiiisliable alter tlie tirst year’s growth, us the bark breaks away, down 
to the liber, in stringy shreds. In Vinmm no (;ork occurs ; even in slioots 
eight or nine years old the epidermis remains, but completely consolidated 
by secondary de])osits, as noticed ab(»ve. 

Cork is composed of tabuhu* thin-walled cells, containing only air, 
closely arranged in rows at right angles to the surface. The surface of 
wounds ill soft-growing tissue is usually covered with a layer or layers of 
cork-cells, wlihih form a sort of defence to the wounded tissues. In 
chemical luid pliysicul properties, cork closely rest*ml)les the cuticuhir 
substances just mentioned. Cork-cells are formed from a special set of 
cells constituting the cork-ctunbium or phvlloym. 'riie cells divide bori- 
zoutnlly or jnmillel to tlie surface, but always in such a manner, that of 
two newly-formed ctdls one remains full of protoplasm, with chlorophyll 
contents &c., while the othijr is Irnnsfbrniisd into a permanent cork-cell. 
The formation of cork, however, varitisiuditleri'nl cases, and is sometimes 
of a very complex eliaracter. Acconlingto Sanit), ltaiiwenlioir,and Vesque, 
the growing cork-cells grow on the outer or on the inner side of the 
pludhyen or cork-cambiiun, the formation being centrifugal in the former 
instance, centripetal in the latter. In other cast's the growing cork-cells 
are placed on both sides of the phellogen. Hut in this latter case it is 
only the outtjrniost cells of each layer of the phellogen which become 
truly corky ; Iht^ inner colls in both cases retain their cellulose charac- 
teristics, and become lilled with chloropliyll, forming an herbaceous 
envelope. Vesque has proposed that the terra parulcrm ho applied to 
tlie whole of tho cork-cells produced by the phellogen ; some of these 
cells, ns above described, become subt'rilied, or converted into passive 
cork-cfills, wliile others retain their active character and constitute the 
lierlaiceous envclo])e. Tin? jieridcriu layers occur, not only singly, but in 
separate groups at iliH'ereut di^pths iu the bark, causing the exfoliation of 
plates or rings of bark, to which tho name r/iytidome has been given by 
Von Mohl and llunsteiu. 

Lontlcels are small local formations of cork-cells occurring on young 
shouts in the form of little waits. The cork-cells are formed beneath 
portions of the tissues which are decaying or dead, and .which surround 
the cavities beneath the stomata. Similar formations are consequent upon 
the formation of cracks in tho epiderm, the object being, in Doth cases, 
to adbrd protection to the denuded tissues (Tr^c’ul). 

Liber. — Every fully developed iibro-vascular bundle consists, as above 
said, of liber, cambium or generating tissue, and wood encircled by cellular 
tissue. The liber ( phloem) part of the bundle is distinguished from tne woody 
(xylem) part of tho buudle by its position outside the cambium, by the 
larger size of its woody fibres, their different chemical properties, and 
especially by the presence of latticed or sieve cells, «&c. The unlignified 
liber-cells (called also soft hast cells) contain albuminoid materials, proto- 
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plasm, &c., for the iiutritiun of the plant, and their walls have a cellulose 
reaction, become blue, not yellow, ny addition of iodine and sulphuric 
acid, &c. 

The ordinary position of the liber has been above stated, but it may also 
occur in the inteiior of the bundles, in the inedullarv sheath (.sec Anatomy 
of Sterns), even in liie midst of the wood. The liber, once formed, imi'y 
ceast5 to jjfrow, or it may retain more or fewer cells still endowed with 
the property of dividing. 

The Aerial System. — lii most parenchymatous tissues of thii 
higher phuits wo find the cells so disposed as to loavo ])nssag(‘s of 
greater or less cajracity between tboin, which passages are usually 
found filled with air, a[)paroiitly secreted from the contents of tlie 
cells. In imperfect parenchyma (b*g. 521) these iwUredhdar 
jntmujeii (rccupy a very considerable portion of the space filled 
by the tissue, and they iiitercomniuiiicate in all directions. Tin; 
s|)ongI£orm cellular suijstauce of leaves is traversed by largo 
passages of this kind (fig. .^)S5), expanded in many places into 
air-»pace!i^ forming a continuous system of cavities, whieli are in 
direct communication with the external air by the stomata. When 
stellate ccllidar tissue exists (lig. 521), the air-spac;es aro very 
extensively de\eloped. 

No intcr(!ellular passages or spaces exist in young tissues ; th(*y arc 
Ruhscqucntly formed by the cells separating from oacli other as thtjy 
expand, and cxcretiug air into the intei'spaccs. 

Air^camls are long tubular channels, in petioles (NymphfP- 
acejo) or stems (Jlippuris^ PotamoijeUm^ &c.), houii(b?d by a cellular 
wall, and generally arranged in a definite inaniuT in the organs in 
which they occur. "iMiey are sometimes continuous through long 
tracts of the stems or petioh‘s (Nvmphmaceie), or they are sub- 
divided into chambers by cellular diaphragms occurring at intervals 
(petioles of stem of llipjmn^, Mifriophylhint^ &c.). 

Laciimt* are formed by this celJiilar tissue being torn ddwji and 
destroyed by expansion of the Hurroiinding tissue ; tjxamjdes of 
this occur in tho fist ular stems of Urabellifeiic, which when young 
have a solid pith; but this is torn aw'ay by the expansion of the 
cylinder of fibro-vascular bundles, and leaves a tubular cavity. Tho 
hollow stems of Grasses, of Equisetaceo}, &e., originate in the same 
wa3^ 

Secretory System. — The structures in w'hich are found the 
substances usually called the secretions of plants consist of Intici- 
ferous vessels (see ante^ p. 513), (/lamfjt, reservoirs find canals for 
peculiar secretiom (resins, oils, &c.), and the so-called 'milk-vessels. 
They for the most part occur only in particular plants or particular 
organs, and present many special modifications in different Natural 
Oraers, occurring on the surface or in tho interior as single cells or 
in groups, or as simple or branched tubes, or in layers, but, bow- 
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ever different in appearance, always forming and storing or con- 
veying hydro-carbon*iceoii8 secretions. 

Glands are the structures of this kind most frequently met with, 
and they are generally connecfct‘d in some manner with the epider- 
mal tissue. Glands may be divided into simple and comptyand^ 
and also into external and internal. 

Simple external glands are in most cases glandular hairs ; i. e. the ter- 
minal coll (or cells) of a jointed hair is expanded or filled with oil or 
other secretion. Of tliis nature are the glands of the foliage, dowers, 
&c. of many Ijabiatie, Scrophulariaceae (tig. 667,/), &c. 

Simple internal glands are mostly isolated cells of the layer imme- 
diately subjacent to the epidermis, as in the leavtis of Beifmia, Lysi- 
machia I'tUyarisj the petals of Maf/nduty »fec. Such glands occur also in 
the leaves of Lauracese. The cystvlithes of Urticacere are related to 
these (p. <500). 

Compmuid external glands are sometimes hair-liko growths from the 
epidermis, or from the deeper tissues, from which they form outgrowths 
{l>rosera). The summit or th(» base {Dhttwmus^ tig. 667, a) is sometimes 
developed into a cellular nodule, tlio cells of which either contain the 
secretion or surround a large central cell tilled with it. Other superficial 
glands form papilla:^ of various shapes, in like manner either wholly 
lV)rnied of secreting cells, or with a central reservoir, as in the IIoi>, 
Ilegoniacem, Uosaei'ro, Legiiniinosm, &c. 

Compound internal glands are commonly reser- Fig, 572. 
voirs surrounded by a special layer of cells, lying 
just beneath or sometimes rising in a dome shape 
a little above the surface of the epidermis. ]^x- 
amplos of tliis occur in the leaves of liuta (tig. 

572), rind of the fruit of Oranges, Lemons, &c., 
leaves and stems of llypericacete, Myrtacew*,, &c. 

None of these glands have excretory ducts like 
the glands of animals. In many cases the secre- 
tions exude through the memhrane, and give a Vt-rtical siH-tion i>f epHor- 
pccnliarichai-acter to the surface of the organs in 
which they are found. A \ovy general form of Magn. 60 di&m, 
secretion of this kind is the exudation of saccharine 
tliiid from tlie superficial cells, very common at the base of petals and 
ovaries, on the stigma, and sometimes on leaves or at particular points of 
the lower surface of the leaves, as of l^t'unus LaunnarrasuSy the Laurus- 
tinus, and other shrubs. (For fuller information on these subjects, the 
memoirs of Tr^cul, Vau Tieghem, and Mnrtintjt should be consulted.) 

Stings a form of glands, consisting of a long, stiff and pointed 
hair expanded into a bulb at the base containing the poison. This 
bulb is surrounded by a layer of cxills derived from the epidermis, 
which by their tension exert a certain pressure, whence it results that 
when the point of the stinging-hair is broken off, the fluid is pressed 
out from the orifice. 

Reservoirs for peculiar secretions may be regarded as a highly 
developed form of the internal glands. They consist of tubes 
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without any proper lining-wall, but surrounded by tbin-wallod 
cells filled with resin and other secretions more or less devoid of 
oxygen, and which are poured into the cavity lying in the midst 
of the parenchyma, or in the liber and wood, parallel with the 
fibro-vascular structures. Similar reservoirs exist in the roots of 
Rhubarb, in the leaves of Aloea^ &c., in varying positions. The 
ct‘lls wliich bound the cavities sometimes grow and project into them, 
more or less filling them up. 

Sect. 4. Internal Anatomy op Organs. 

All young plants are. composed of cellular tissuti alone ; and the 
l^hallophytes never acquim any of the more highly developed 
“ systems ’’ which we mwt M'ith in full-grown Flowering Plants 
and the higher Cryptogamia. In the stems of the latter, the 
“ systems ” jireseut spc^cial modes of arrangement, n^spec.tively 
characteristic of the gn^at Classes. In emfin/o ])lani8 the tissues 
have, according to Jlanstein, a three-fold origin in dermatof/^u, 
pei'Uilf'iH, and fderome (see p. 5 1 »5) ; and these three layers 
are distinguishable before even the formation of th(j cotyledons, 
bamiutwn considers tluim identi<*al with tho embryonic layt^rs of 
the animal. 

The more or loss uniform condition of the tissues in the'^'liallophytes is 
connected with gi’oat simplicity in the physiol otrical processes of viv<‘ta- 
tion and growth ; while m the liigher plants the ditlerenct^ of interniil 
organization is acconipauied by important differences in tin* modes of 
development of the axis. It would cause us to (j\c(‘ed our limits very 
widely to outer inti mi iiuto details of the internal strintture of the organs 
of vegetation of phiiits goneruJly ; but it is recpiisite not only to gi\t* a 
general sketch of tlm plan of organization, hut to describe some of tho 
more important modifications met with in the higher Classes. 

Structure of Stems. — As a general rule, plants possessing stems 
and leaves exhibit in their steim a definitely arranged libro-vas- 
eular system, tho bundles of which send off branches, nr pass off 
themselves entirely, to form the ribs and veins of the leaves, Th (3 
young stem is made up of wood-cells and vessels, placed the one 
within the other, superposed ill rays and surrounded by connecting 
(iclhilar tissue. Th(? same axial system furnishes below, directly 
or indirectly, the bundles which constituto the woody central mass 
of roots^ ill which originally the liber and tho vessels are placed 
side by side. 

Moues. — Tlie simplest form of the fibro- vascular system is seen in tho 
Mosses (p. 4.'U), where a cord of proseochymatous tissue runs up the centre 
of the thread-like stem, and in some cases sends off branches to the leaves. 

Lycopodiaceee. — In the Lycopodiaceffi (p. 428) the axis of the stem is 
occupied by one or more parallel fibro-vascular bundles, containing spiral 
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and 8calarif(»rm veasels, surrounded by parenchyma. TJie bundles are 
refi^ubirly devolopcid onwards with the «?rowth of the point of the stem, 
sending off lateral branrlies of spiral vessels where baizes arise, but 
undergoing no eliange after the inlernode in which it lies is once formed. 

Equlsctaccie. — Til the Equisotiiceiu (p. 417) a ring of isolated hbro- 
vnsc.iilar bundles exists in the periphery of the aerial stem, surrounded by 
liber-ciills and parerichyinn ; Ihe^e, again, are closed bundles, and grow 
only at their points as the stem elongates. Tin* constituent vessels are 

s] )iral or annular. 'I’he epideriii, and specially its hypoderm, libres are 
highly developed. 'File Equisetiu'eni are the only ])iauts known whose 
buds originate d(!ep in tho«substance of the stem. 

Fillces. — Tn the Ferns (p. 41 G)» where tlio stem acquires greater di- 
mensions, we find a number of libro- vascular bundles standing in an ir- 
regular circle, surronnding a central cellular axis, and (‘xternally snr- 
rcuinded by a kind of rind ( liber) containing sie\e lubes. The biiiuires do 
iu)t run straight up flie .stem, but in Avaved curves ; and they' aniistoinose 
laterally and si'parate ngaiu, leaAiiig AvidtJ passages of ci)inmunicatioii 
betw 1 ‘eii the central pareiicln nia and tlie rind (lig. 57.*!). 'Fhe branches 

t) f tins bundles going to supply the leaves are given off at the anastomoses 
<»fthe main bujidlea ; and the hundles running into the (adventitious) 
roots arise at similar places. Tln^ biiiuUes of the stem have rnily indirect 
connexion Avith t hose that pa.ss to the leaves, so that in leafless parts of 
the stem the arraugeim'nt is tht> same as wlao’e there are leaves present. 
'J'hese bundles are <d()sed, and therefore the stems never alter in dimensions 
when once forim;d. Incases liki* that of An(/ioptcriit mr/ri, where the 
stem is reduced to very small proportions, there are, according to M«dteniiis, 
three zones of iibro- vascular bundles, one Avitliin ibe other, and connected 
by intervening n(‘t-like bundles. It W’as formerly supposed that A^esscls 
of the seal ari form type Avere flu* only ones that oi-curred in Ft'rns ; but it 
is now w'ell known that spiral and annular vessels also occur, especially in 
the yoiiiigcv portions. 

All the above forms of the stem iwe cliaraclerized by ba\ing their 
fibro-\ ascular bundles Avlieii complete destitute of cambinin, hence called 
closed (p. 515). They are developed only at the point. From this 
circumstance, these liiglier Cryptogauiia are often called Acrat/mSf or 
Acrobn/a (point-grow'(*rs). 

Monocotyledons. — 71ic sterns of Monocotyledonous plants have a very 
diHerent organization fmm the above. The most striking periuliarity, at 
first sight, is the isolation of the tibro-vn.se iilar bundles, which, as a rule, 
anastomose but sligJitly in any part of their course through the stem, and 
are scattered singly iu tlie })nrtM)chyiiia of the stem (tig. 674). Another 
ipiportant circum.stnnce is, that they pass entirely into the leaves at their 
upper ends (tig. 575, r/), Avliile at their loAver extremities they approach 
tluxfsurface of t)ie stem and nnastomosc Avith tlicir fellows to form a more 
or less developed fibrous network, separating the rind or cortical paren- 
chyma from tlie central fibrt>ua part of tlie stem. It is from this network 
that the libro-vascular axes of tlie (adventitious) roots are derived (tig. 
575, /;). 

The stems of Monocotydedons are very generally herbaceous, and thus 
present very important A^arieties of form, arising from non-development of 
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intonioflea, aopordinpr to rocrular plans. These moiUlieations disjruiso tho 
structure; but it may be readily understood by means of diaj^raniumtic 
illustrations of some "of the principal forms. 


Fig. 575. 



Fig. ii73. Diaf^rnm of the arrangement of tlu* flbro-v.iHeuIar biimllfH in t!ie atem of a 
-frrn. 

Fig. 574. Diiigrii i representing the arrangement of tlie Hbro-vnaeular bundlea in a 
I’ll! -stern. 

Fig. 575. Anot.hr r tliugruni, representing the upper (/i) aird lowt>r (5) oxtremitieH of a 
Ml iMJOtyledonous trunk, with its ilbroua layer, where the Mtem-biindlna 
linate and tho.se ot tire root eomiueiiee, tmelosed by a oortieal layer. 

Tho. fibro-vascular bundles of Monocotyledons (fi;r. 57(>) bi*ing of tbo 
(Ir/ijiite or closed kintf (p. 515), they actiuirt’ th(*ir full duvelopinent in each 
interuodu before the leav'es to which they belong fall ; and hence lln» stems 
of this class do not increase in diameter as a general riih*, but have a 
columnar character when they form woody trunks, ilut there arc ex- 
ceptions to this rule. 

It has jnst Ijtjon stattul that the fibro-vascular bundles terminate bidow, 
near tbo iwriphery of tho st<un, and there form a more or Ic.ms evident net- 
work of fibres; this network con.stitutes a kind of sheath round the gene- 
ral mass of the stem, and is iLself covi'red by a more or less devojop(»d 
rind or cortical ]>arencliymn (Hg. 675, h). Tho tissue in the region of tho 
iibro-vascular network, or Jihrom lai/er, remains in most ciu'^o.s in the con- 
dition of cambium, as we see adventitious roots reiwlily fomie<l in thi.s 
situation. In Dracema^ Yucca j and some other woody Monocotyledons 
the stem becomes increased in thickness with the age of the tree, by the 
formation of layers of liber-like prosenchyma in this fhrom layer pushing 
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the rind outward. The original 
cMiiitral tibro-vascular system of 
the stem remains unaltered. 

The ri'gion, at the junction of 
tlie central and cortical paren- 
chymas, where the fibrci-vasciilar 
biindh's ti'rmiiiute should pu*- 
haps be called a ctfn?/nM?/i-region, 
since tlu* cellular tissue situated 
Ijere retains its developmental 
power in many cases. The es- 
sential dilterence between this 
and the cambium-ring of IHco- 
tyledons dejvnds on the fact <»f 
its not coinciding, in a paralhd 
arrangement, with the cambium- 
region of the fibro- vascular bun- 
<lles, but with the extmnilics of 
tin* bundles, w'hich always r('- 
maiii isolatcMl from each other, 
^'lio successive layers of fibrous 
structure iji Dvaccena i&c. art* 
foniKHl in like manner of isolated 
bundles imbedded in panmchy- 
ina; tliey are unconnected w'itli 
till' old bundles of the primary 
axis, but art^ (continuous above 
Avith 1 h(5 Itm vr rnds of bundles be- 
longing to tin; branches occiu’riiig 
in tlu'se stems. 


Fig. ere. 



Monoft)lylfdonouM Ilhro-vnBciilnr huudh> (from 
thi' Hpiulix of PhtiMU dftctylifera'). A. TrttiiH- 
vom* section. U. Vcrtiml section; parenchy- 
ma in whici) the hundlcH lie; ic, wood-cells; 


The sttMiis of heiWous Mo- 
noeotyledons liave the libro-\as- 
cular systiuii always in the form of “stringy 


* r.Hpiml vchhcIm ; d, reticulated duett; txwa 
j)ropi ta; /, lihcr-eelln. Magii. lUO diam. 


fibn'H imbedd(Ml in 


succulent ]mrenchyina ; and in those. i)eivnnial stems of the Class wdiich 
Httqiiire a solid Avoody structure the ligneous cliaracter deptmds, not on 
the libro- vascular system, but on the general parenchyma of the .stem 
liaving its cells Hgnilied (s<.*leivnchyma), <if Avhich Ave have examples in the 
Cocoa-nut and otln^r Palms, in the Mamboo, &c. 

The rind of the MoiiocotykHlouous st(»m, totally different from tnio harkj 
is generally little deA eloped, On litrbnceous stems it is a mere epidermis ; 
but on fleshy rhizomes it soiiu*times acquires considerable thickness, and 
is then foimd to be couiposijd of spmgiform parenchyma, with large air- 
caAities, the Avdiole bounded i*xteriuilly by a leAv layers of tabular paren- 
chyma with a corky outtn* surface. 

C(*rtain nuiuher of forms o(;cur aberrant from the type above described. 
In Aloe the fibre- vascular bundles on^ so niTanged ns to form a kind of 
(jylinder, si^parating a ctmtral from a cortical parenchyma. In the Smi- 
laceiu, Dioscoreocese, and some other Ordt'rs, the rhizomes imitate still 
more the Dicotyledonous aiTnngcmcnt ; for not only do the bimdlcs stand 
in circles, they Uo not pass AvhoJly off into the leaves*, but run continuously 
through the structure. Still the'ra is no periodical resumption of actiAdly 
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in the bundWs, as in thn Dicotylodons. In Tradrscnnlin^^ml in tin* (frass'>s 
also, anastomoses of the isolated fibres take place at the nodes of the sttMu. 


Diootyledonous Stems. — The atoms of Dicotyle- 
dons, and of Conifers which ajrroe in the main 
points, are at first of very simple structure, almost 
reseinblinfi!’ those of tlie Ferns ; but their fibro-vas- 
ciilar bundles beinfj: of the open or indefinite kind, 
capable of bitt'ral j^rowth by addition of nt!W ele- 
ments season after season in their outer regrioiis, the 
full-e^rown stems depart widely from the preceding 
tvjies. 

For purposes of comparison, attention must ho 
eoiifincd to slioots or sleiii'j of Dicotyletlons in their 
first ye ir of prowlh, ns tin* formation of annual layers 
is a phenomenon to wliich thi»i*e is nothing corre- 
sjmndent in the other Classes (oxce])ting (Conifers). 

Wlien II young In'i-baciMUs stem of a Dicof yledmi 
is cut. across, we find tho fibro- vascular hundles 
standing in a eiivlo round a central pareiichvmatnus 
mass, the pitli, and enveloped by a cellular rind (fig. 
o77). The bundles ran in tolerably straight vertical 
courses and anastotiiose freely ; a certain number of 
bundles are distributed to each leaf. 

As the sliuti increases in age, each filmi-vascular 
buiidlo forms a wedge-shaped mass of wood (tig. 
578) by de>olopment of the inner part of tln^ cani- 
biuin-region, and at tho same time a layer of liher 
at the extreme outer side, next the bark. At tin* 
close of the first season, thertdbre, we have a central 


Fig. 577. 



Diugram of Uu* arrangn- 
iiirni of th<‘ IU>ro*\n 80 U-' 
lar laitiJIfH in a yrarlinf^ 
Btuui of » JDiootyludon. 


pith (tig. 578, p)^ iinmedinlely bounded by tlie vascular portion of tlie 
bundles (called the medullary sheaf h) (?n .s), from which ]>ilss the vessels 


to supply the leaves; next come the wedges of wood (w), formed of pro- 
seiichyuia (j9r) and ducts (>/, d) in most Dicolyledoiis, of ]iroseiichyma 
alone in (hmifors, xvhich pas.ses into the camhial or gene.vating layer ( c) ; 
and this is continuous outside with tho 57icc-bnndles (/), corre-ijamding 
to the wedges of w’ood : the liber-fibre.s, like the inner vascular elements, 
send branches to form part of the ribs of the len\t‘a. 

The fibro-vasculor bundles, standing side by side, do not become abso- 
lutely united, but are separated by thin plates of compressed cellular tissue, 
running out from the pith to the cortical parenchyma; these plates are 
called medullary ruyn (fig. 579). 

The liber-portions of tho bundles are associated with row^s of clathrate 
cells (p.487), and frequently with latex-canals (p. 51.‘?), and they arci sur- 
rounded by a layer of parenchyma, composed of cells filltsd with sap and 
containing chlorophyll, the herbaceous or cellular mselope (fig. 57H, c <p) ; 
and this is protected externally by the dry subtTotJs layer (a/), whiih 
succeeds to the epidermis when the herbaceous shoot acquires a w'oody 


character. 


Modlfioationa. — Many special modifications of the above type are met 
with in Dicotyledons. In the riperacem there is a kind of double con- 
centric circle of fibro-vasculor bundles, tho inner circle supplying the 
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leaves, but not possessed of a cambiiim-re'^ion ; while the outer circle is 
(>f the ordinary open or iiulimiled charaettT. In the Sapiudacero, Mnlpi- 
^diiaceie, and some other Orders, part of the fibro-vascular bundles remain 
separate from the principal circle, and lay the foundation of a number (»f 
secondary cylinders of wood enclosed by a common bark ; this phono- 
inonoo may bo well observed in Cahfcanihvsj where a square form of the 
stem results from four fibro-vnscular bundles remaining free from the central 
cylinder of wood in this way. In the Nympbroacese \ye find a very aber- 
rant condition : the fibro-vascnlar bundles, formed of vessels and paren- 
chymatous cells alone, witlunit wr^od, are quite isolated, d(»stituto of cam- 
hiunit and form a complicated interlacement closely resembling that oc- 
curring in Monocotyledons — there being no distinction of pith and medul- 
lary rays, and no hark. 


Fig. 678. 
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Du*otyK*douoti8 flbro-\atiiMiIar bundle (’Plonr-triM*) of one year's growth. A. Transveme 
Hoetiuii. JJ. VfTlicol Mecliou ; « /, suhcroiiA layer of the hark ; cp, nort.ieAl parenchyma ; 
/, liber: r, oambiiim-reRioii ; r/, ducta lying in ilio proHcneliyma, or wood-cells, pr ; m 
medullary shrRtb of spiral vob<<4*1b ; p.^nth. The sti'miliireH i.-oniiiTtrd by h belong to the 
bark, ihoHc miirk<‘d ir to the wood. In A, the biindli* is simmi to bf bounded on each side 
bv u iiit'dullury ray, running from the pith to the cortical parenchyma. Magn. CO dium. 

A still more frequent st^nree of diversity lies in the varied nature and 
^lode of arrangeimmt of tin; elements of the fmod. In tlie Plane (fig. 678) 
we see the spiral and annular ves'iels succeeded by a body of prosenchyma, 
in which are scattered large pitted ducts. In tlie Hazel ana Alder these 
ducts we far more numerous, as thPy are also in the Lime. In the Oak 
the prosenchymatous cells art* very small, and becomi; greatly thickont*d, 
blit the ducts are large. The Ilox bos very small and dense prosenebyma- 
coIIb and few and small ducts. In the spongy wood of the Bombacew the 
prosencliyma is almost wholly replaced oy tliin-walled parenchyma. 
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In llie ConifcrfB there is a total absence of ducts, tlie wood beinp: formed 
exclusively of prosenohynia with the peculiar honlered pifs (fig. 637), or, 
as in Tiu m, with both pita and a spiral fibre (fig. 642). 

Annnal f?rowth of Rings. — Witli the commonceiueiit of a second season 
of growth, a Dicotyltsdoiious stem begins to accpiire its ospt'ciil peiniUari- 
ties. Wh<‘n the buds open to produce new shoots, cell-division recoin- 
inences in the cambium -region of the old bundles, and an addit ional laver 
of wood is added gradually during the season In that fornuid the year be- 
fore. Seiuson after eoason this process is repented, and thus tin* cross 
sections of the stoina present a wnies of concentric Itiminic of wood corre- 
spoiuliiig to tlie number of seasons during which the Htem ha-* existed 
(figs. 671) tV' 6‘*'0). 

Fig. 670, Fig. 680. 



Fig. 579. DinjcramB of tTiiM BretumHuf a oiif-yfar ( A ), two-yi>ar ( !»). ainlthri'i-v*>nrol(l (C) 
lii<‘Otyl(*dunous Bti'ni, or of the branches 1, S, and .‘t of TiSO. I'hi* Ji-tiers to \ 
iiulioarc; — 5, Hiiberoiis layer; «, otdlular onvelontTunnini' into the black iiicdiil* 
lary rays : /, liber ; e. cambium-rceion ; n. wood ; p, mediilbiry rays ; m, medul- 
lary sheath of hjiiral vchhcIs; p, (liUi. The figures to C, 1, 2, 3, marie the wood and 
liber bolotiging to the ist, 2iid, and 'Ird ycur. 

Pig. 5S0. Diagram of a vcrticnl section of a Dicotyledonous st-mi .1 Tears old, with 3 branches 
murke«l 1, 2. iiulir.tting tin* ngc in yearh of the brunen sud the internodn bcluw 
it. The ilgurcH bclovi di.*nt>tc uie ages of the layers of liber and wood; p, pith ; 
c, ciiiiitiiuiii ; m, medullary sheath ; w e, layers of wood ; I, layera of liber ; 
5, cellular and oorky layer of bark. 

The conctmiric lamella? of wood in Dicotyledons are really nimiiff/ rin/zs 
in most trees of temperate climates. In the tropical trees it frequently 
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that more than one rin^ is formed annnally. In our own trees 
an interrtiiition to the vejretation, such as is caiistjd by an accidental de- 
foliation diirinj? tlie summer, produces additional nimuliir markings. In 
the common IJcetioot several rinprs are produced in one season. 

In some tropical trees (Malpijrhiaccte) the concentric circles are not 
veiy dourly marked ; in others they are oven separated by a distinct layer 
of purendiuna. Jn the Ilijrnoiiiaceje it is common to lind the wood 
divided into four lar^o portions, st*j)arnted hy wedfre-shaped cortical struc- 
tures, priviiifT in the liorizonlal section the form of a cross. Tlui old stems 
of such plants as the Sapindacem &e., above roft‘rred to, with isolated 
bundles outsidij the central W(»ody cylinder, acquire very anomalous 
forms Avith n<,^e, since each collection of (iliro- vascular bundles is developed 
annually in its cainhinm-re^ion, nnd hence the stem assumes the appesr- 
auce of "several stems enclosed in a common bark. In Cycads more tljan 
one year is requirt'd to complete a Avoody zone ; thus, in very old stems 
of (lycads, only a lew riii^s are seen surroundiiif^ a voluminous pith. 

Heart-wood and Sap-wood. — As Avoody trunks increase in size, the 
older })arts of the Avood freqiKuitly fro on incretisinfif in density by tlu^ for- 
mation of siM’ondarv layers in the cells (»f the ]»rosenchynm ; thus the old 
cent rill Avood becomes more solid, forminj? wliat is called the duramen 
or heart-wood^ which is sometimes dei ply colom*ed by chemical cliniifjfes 
or secretion of various substances, as we seo in Kbony, I^iprnum Vitie, 
&c. The youufr externnl layers of Avood, in Avhicli the ascending current 
of Iluid passes freidy, is called the alhifninm or Hap-iro<nL The cheniicnl 
and pliASical changes Avdiicli take plaee as the sap-wood pasw's into the 
state of heart -Avood have been jirevioiisly alluded to. 

Origin of the Fibre- vn senior Bundles. — The fibro-vascular systems of 
the branches of l)icoty]edon« originate independently in the "bnd from 
the procninhium, but soon become blt-ndi'd with those of , the parent axis, 
Avith Avhich their layers of inen^nse become uninterruptedly continuous. 
\\Tn*n a branch is broken oil* short, leaving no buds upon it to continno 
its growth, it becomes surrounded and ultimately entirely enveloped by 
tJin succeeding niiiiual layers of Avood, and in this way forms a “ knot.” 
The nunuTous small knots of the Avood of Pinvs sylvestris arise from 
certain of its branches being broken off Avhilo small. 

Pith, — I'he pith or medulla consists of pnronchymatous tissue, filled 
Avith nutrieiit matters, ston d up for the use of the growing tissues. It 
is of most ser^ ice in young tAvigs, and becomes mon* or less inert in after- 
lift*, and often disappears as the wood groAA^s. It exists either ns a con- 
tinuous cyJindbr, or is broken up into disks si^purntt'd by cavities one 
from the other, as in the W'ahuit. The cells of the pith contain starch, 
or crystals, or simply air. In some cases some of the cells of the pith 
retain their vitality longer than others, so that there is an admixture of 
liA*4ng and dead cells ; and in this way the ditferonces in the pith may 
even si*rvo to distinguish certain genera one from the other (Gris). Occa- 
sionally it is more or less completely lignified. 

Medullary Ray*. — The meduUary raye (fig. 679, A) which separate the 
primary bundles are developed in tlm cambium-re^on with the yt.*nrly 
layers «of Avood, nnd always extend to the cortical parenchy'ma ; in the 
layers of successive years the neAV elements of the wood separate into 
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parcols divided by seemfidan/ 7ttedullan/ rays (fijr. 671>, B, 0), wbich are 
repeated in each succesHive season. The course of the hhro-vascuhir 
bundles bi'iri'r slij^lilly sinuous, from their hiternl ann8t(Uuosi*s, the uiedul- 
hirv rays have, singly, no great vertical dimensions ; and their Iraiisverso 
diameter varies in dilleifnt cases. Their cells become lignitied in heart- 
wood. 

Liber. — The liher (for an account of the construction of which sec tmibj 
p. 617) is usually formed in successive thin himime composed of sleruler 
lat(‘rally anastomosiug bundhis of lib(‘r-celis ; and in some plants these 
lamime arc separated by layers of pariuiehyma or ])eridt*rm, so that the 
lil)er-slructure of old stems may be split into its annual layers. In some 
stems th(j liber ceaM^a to gnnv after the lii-st season. 

The hast of which Hussia mat ting is made consists of the simjirnte 
lil)i*r-layers of tin* liime-tree. The “ hicc *’ of the Laee-harli tree ( Layctta 
Ihitvarin) is llic liher, and that of other trees of the Order Thyinelaceio is 
used for tying up buiidlt‘s of cigars &;c. 

The Herbaceous Envelope. — T\w,cttUular or Jierbarroas efiVflopc (tig. 678, 
rp) is generallyin an active condition of vegetation during the growiiig- 
sejison, since its tiNhin* must increase laterally (tangentially to tlie stem) 
to allow of the increasing diameter, while it }»roduces the new suherons 
structure on the outside. 

Cork-layers. — Tlie suherom layer dillers much in its eondilioii in dif- 
ferent Irtea. The general construct ion has bt‘en alluded to at p. 62J. 

The Structure of the Boot has oF \ato attracted much attemtion 
from Jviigeli, lleiiike, ffaiiczewski, A'aii Tiegfunii, and others. It 
is only by studying the mode in which the originally lioniogcnuHms 
cellular mass of the root breaks up into distinct layers and 
assumes a diifenmt form and arrangement of its (•(uistituent 
cells that the slnicture can riglitly ])c understood. The simplest 
idea of the root is that of a mere iinictdiiilar thread, such as wo 
meet with in the lower Thallogeiis, ami also in the shape of 
the root-hairs which are produced fnnn th*' epidermis of more 
highly organized roots. Physiologically, vi(wving the root merely 
as ail organ of absorption, this type of rtiot is all important. Jhit 
in most plants the roof is something more ilian an organ of ab- 
sorption. It is a laboratory, in w Inch nutritive matters are moved 
from place to place or are stored up for fuUirc that roots 

of this character have much of the funetions of the stem. .Ac- 
cordingly w^e find, in roots of higher organization, considerable 
difference of structure, varying also in the different groups of 
plants. 

The roots of vascular plants may be defined as outgrowths from 
the interior of the stein provided witli a root-cap (piliorhiza), but 
as a rule never producing leaves or buds, and growing in length 
only near the point beiieiith the cap. 

The general structure of the roots of vascular plants niay bo 
defined as consisting of an epidermis, bounding a cortical puren- 
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chyma, in whicli is plunged a central cylinder. The epidermis 
will be spoken oF lit reai’ler. 

The Cortical Parenchyma is wholly cellular, and may bo gene- 
rally subdivided into two zones, an outtT and an ijiner. The ceils 
of the outer zone increase from within outwards (centrifugally), 
decrease in size lowards the outside, and are so closely packed as 
to leave no intercellular spaces. The cidls of the inner zone of 
the cortical parenchyma increase from without inwards (caiitri- 
petally), and d(»croase in size from without hivvai*ds. They are 
disposed in radiating series or in concentric zones, and have inter- 
cellular spaces. 

The Protecting Sheath. — This, the tjahid proteHnee of the 
TVench, the tSchntzschdt^f the (ieriiians, v\as first pointed out by 
Caspary. It is a special lay(‘r of cells, forming the innermost 
layer of the cortical ])arenehyina and separating it from the central 
cylinder. The cells of the protecting sheath are marked on their 
sides by transviTse folds or ridg(*s, the ridges of one cell fitting 
into corresponding furrows of its iH'ighbonr, so that the cells are, 
“dove-tailed” into one another. In loiigituduial section these 
undnlations of the cell-walls give an appearance an of the rounds 
of a ladder; in transverse section the appearancci is given of very 
small oval dark spots in the middle of the lateral boundaries of the 
coll. 

The Central Cylinder (Pericamhium) is originally a mass of 
plerouia or growing cellular tissue: the outermost layer of this 
develops into a special layer of perkamhhmi, which is thus in im- 
mediate contact with the protecting sheath on the outer side, its 
cells being so arranged as to alternate with those of the sheatli. 
Thus one coll of the pcricambiiun comes between two of the sheath, 
and so on. Hence the layer is readily itjcognizable under tht) 
microscope. The central mass of plerome forms the vessels which 
an) developed ceiitripetally and alternately with bundles of bast 
or liber-cells, also developed cent ri pel ally. The untransformed 
cellular tissijj? surrounding the \os.selH and bast-cells is called the 
connecting tissue. Koots of this character, tlien, differ especially 
from the stem in haxing their bast or liljtu’-colls alternating in 
position with the vascular bundles proper, not placed external to 
then^k. 

Roots of Vascular CryptoKomia. — The structure of the roots of tho 
hijrhor Crypt ogaius is identical in the mnin with that just described ; 
when once the primary structures arc completed no further cliaiige takes 
place. The new rootlets originate from the inner layers of the cortical 
parenchyma. The roots of Equisetacca9 have no pencambinl layer. 

Roots of Monocotyledons. — I’ho general structure is the same as that of 
the Vascular Cryptogams, the rootlets originating from tho pericambial 
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•r rhizo;?eiioas layer opposite to the vessels (fijr. 581, A, «/•), except hi 
irriisst's, wlierti tJiey onjjiuato opposite the liber-bundles. Tht^ anatomy 
may be easily studied by tracing the development of tlio adventitious 
roots on the rliizoiues of Ituslu^s, Hags, and other plants of tliis ('lass. 
The roots originate in the n‘gion where the libro-vascular bundles of tl»> 
stem tisrmiiuite Oiiid frettiieiitly form 

a fibrous plexus). Tliey are at first Fig. 681. 

xybolly cellular, and we may dis- 
tiuguish in them three parts, — a 
woody axis, which sotui becomes 
continiH)us with the fibn^-vasciibir 
plexus ; a cortical pareiudiyiiia, con- 
tinm^us with the itntvr part of that 
»)f the paivjit stem ; and a kind of 
conical liood of rather dense celhdar 
tissue, enveloping tlie <uid <»f the 
root. As tlie r«»ot grows it luishes 
the ho(»d forward, which oreaks 
down tin* cellular tissue before 



it, and linally up])eara exteruallv. 
When the epidermis is ruptured in 
this way, it presents a circular free 
e(lgc standing up slightly like a 
c<»llar around the base of the free 
part of the root : this is called i1k» 
Cideorhiza (fig. 581 , 11 , r) by some 
authors. The e<mieal hood upon the 
apt‘x of tin* root forms tlu* rooUcap 
or tho pilvorhiza (fig. 581 , 11 ,^), ami 
is more or less per.>isteiil in dillereiit 
cases; in aquatic plants it becomes 
greatly devebipt^d, as may be seen in 
tho Duckwetiu {Lvmna)^ where it 
foriTiH a long sluMith, appearing as 
if slipped over the end of the rootlet. 
The focus of development of the 
root ih within tho pUeurhiza^ which 
is pushed forward by the continual 
development of cells just behind tlio 
apex. 

Tho pileorhizfft may bo compared 
to a kind of shield or guard to tho 



l)«*veloempnt of aii\i-ntilii>un rools in NjMrifo- 
wiiiwi. A. n. Frnpiiu*nt» of n rhizome willi 
oirtical purenchymu (rp\ llbroiw liiyrr r /’> 
wlirre thi* llbro-vimculnr Imndli'Htc'rniinatt*, 
and pcntrolri-gion (w p) in which tliohun- 
dlpR run. A. a r, af nn udvpntitiouH root 
ariaing from tlm rnmL iiin tiMiniP at tho out- 
Bid« of the ttbroiiB layor : in H llio more ad- 
vanced root (a r) hai oiuprgod, leaving u 
ragged collar or colcorhizii (c>, and haying 
a root-hooil or pilcurlj on iti extroxuily . 


tip of the root, protticling the nascent tissue, by the expansion of which 
it is pushed forward, itself always possessing a certain solidity which 
enables it to penetrate bt*twocn tin? particles of tlie soil. 

In a cross se-ction of the root of a Afonocotyledon we se#j the centre 
occupied by proseiicbymattms tissue, with a circle of vessids around it ; 
tho whole enclosed by regubir parenchyma, sometimes by liber-cells, and 
covered by an epidermis. The ring ot vessels spwsads out into a kind of 
rosette at the base, and anostomosijs with the extremities of the fibro- 


vascular bundles of tho stem in the fibrous region. Secondary adven- 
titious roots are formed in tho same way in tho roots, oiiginatiug imme- 
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(lialely upon tlio vascular ring and breaking through the cortical 
parcnchynia. 

The woody advontitiouN roots of arborescent Monocot 3 dedons differ 
onl^" in the greater development of the tibro-vascular structures ; and 
they emerge from llie stem (Tulins) in the form of thick conical shoots. 

Wlien ad\enlitioiis roots, like those just described, die away, they 
decay dowm to tlndr veiy origin, and leave a scar in the fonn of an orifice 
surrounded hy the ragged eoleorhizii. 

In the thickened adventitious roots of Aspnrafpts^ which perform the 
function of pan-nchyma is greatly developed. In liio tuberous 

rf»ots of ( )rc}nds (figs. :il & the eeiitrnl woody axis becomes irregularly 
expanded into parejicliymatoiis tissue driving tin* vessels out nearly to 
tin' peripliery, so that tlie charaett ristic structure is greatly disguist'd. 
The aerial roots of the epiphytic Orchids have the gi'owing extremities 
clothed by several layers of a pareiieliA matoiis tissue, in which the cells 
are characterized hy delicate opeii spiral-fibrous secoiuhiry lasers. 

Roots of Dicotyledons. — Iii these plants llie root has at first the same 
struct lire and nirangi'meiit of its <‘leiiu'ut8 ns in Orvpl ogams and Mono- 
cotyledons, the rootlets being formed opposite the vessels from the peri- 
cnmbinl layer. A great (liHen‘iice, llo^^tiver, show's itself in a secondary 



Fi((. 682. Extremity of the root of a ^erminatinf; Tnrnip. with root-hain. HafpL 30 diam. 
Fig.^82. Longitudinal section through yoyng root, showing the root-oap. 


formation of liber and vessels, wdiicb enables the roots to thicken and 
even to form concentric zones exactly as in the stem. In the early stage 
of the Dicotyledonous roots the bundles of liber-cells and the bundles of 
vessels are, as in the other groups of plants, alternate wifh each other, 
but a secondary formation of cambium-cells takes place on the inner side 
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each of the primitive liber-bundles. Tiiis secondary cambium prows 
both on its outer and its inner surface, formiup ultimalely on ilie outer 
side liber-cells, on tlie inner siiie vessels exactly as in the case of the Dico- 
tyledonous woody bundles. In peiieral terms, then, it niny be said that 
the Dicohdedonous root consists of a cellular mass eiicireltKl by cortex. 
In the central cellular mass are formed two or more seta of vessels and 
of liber-cells, each distinct fi*om the other aud alternatinp one with the 
other (tip. oKl). After this primary .stape lyf prowth is coinpleb'd, a 
secinidary dovelopmoiit of lihro-vasculor bundles, with the liher outside 
and the vessels inside, bikes place on the interior of the primitive liber- 
bundles, which latter are therefore piisht^d oiitwiu’ds. Vltimntely, then, 
tliere are two or more radiatinp plates of jirimitivo \nseiihir tissue sepa- 
rated by cellular tis.sne froni a scries of radiatinp plates, consistinp of 
liber and vessels. 

Llrcat variations occur in dilferent plants in the number and exact dis- 
position of the bundles for an aecoiint of which the oripiiial memoirs 
of the authors al) 0 \e citcul must be consulted. 

In the adult state the axial root of Dicotyledons, beinp a direct con- 
tinuation of the stem, displays a circular pronp of /ihro-vaseular hii miles 
as in tlie ascendinp axis; but these* m<»stly conxorpe at the point of 
junction of stem and root (co//a/*j, so tliat the central axis of parenehyinii, 
tlu' is usually absent, th(5 medullary rays remaininp as in th»‘ stem. 
Tlie roots of Dicotyledons increasi* in diam(‘ier by annual layers of wood 
formed in the libro- vu.sc ular huudles, lliese, lioweviT, beinp h‘ss repiiliir 
in their aiTunpenient than those of the stem mi nceount of llie tortuous 
course of the roots; hence while the wood of the roofs is often iisel'ul for 
orTuumuital purposes, it is comparatively valueless for carpenters’ uses. 
Tlie branches of tin* axial root are ori^^imilly pvovvlhs from the apex of 
the root, thrown off to the side, as it were, and their woody axis is 
derived from a division of that of the main rimt. 

The radicle of a periuiimtinp Dicotyledon has its root-cap, and prows 
in the same way ns tliat of tlie AlouocotyJedons, by development of cells 
just behind the apex (bps. 583). 

Root-hairs. — Young roots are covered by a delieatt? epid(*nnis ; 
and the cells of this are abundantly produced into bnirs in many 
jdaiits (iig. 584), especially in those growing in light soils ; tlieso 
iibrils are deciduous, the delicate epidormis (whieb is always desti- 
tute of stomata) being gradually converted into a corky layer. 

AdventitlouB Roots are verx’ common in Dicotyledon s, especially ilio 
herbaceous perennial kinds, and they alone can exist on plniits raised 
from cuitint/H &c. of st4*ni.«j. The roots oripinate much in the same way 
as those of the IVIonocotylcdons, appearing first us cellular cones in the 
region adjacent to the canibiura-liiyet:, with which the fibro-vaj-culor 
structure soon becomes confluent. They break through the rind, w'itli a 
coleorhiza, aud protected by a pileorhiza, just as in Monocotyledons ; but 
when once formed, they appear branch in the same manner as the 
axial root, and not by the formation of secondary adventitious roots. 

Tr^cul states that the structure of adventitious roots diflers according 
to the part of the stem whence they emerge. If, for instance, they 
originate opposite a fibro-vascular bundle, os in Nvphar, the centre of the 
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root is occupied hy a bundle of libro-viuMCiilnr tissue ; if they sprinj^ from 
thrj atciu opposite" the pilh or cclliihir tissue between the vtjssols, then 
the ctmtre of the root is likewise cellular. In Cryptograms, accordin^r to 
Nd^eli, the roots always «)ri;.>-inatt‘ opposite a fibro-vasciilar bundle. 

The primary form and dispositi<m of the roots df^pend in a measure on 
the form of t"h(< terminal cells and on the direction of the partitions by 
which they are divided — leiurthwise, horizontiil, or oblique. 


Vvr. r»si. 



Tuberous Roots of her))aceou?» Dicotvledons present several modifica- 
tions in the urra!i<rein(‘nt of the structures. In the Carrot and Parsiiep 
tlie |ibro-vasculftr rine" has its component parts ranch separated by the 
frreat devtdopment of tlie medullary niys raid masses of parenchyma re- 
phiciu^ the ordinary pro-sencliyma of woody roots, so that the fibro- 
vusciilar structure has a deceptive resemblance to that of Monocotyledons; 
and the cor tied parenchyma, a^ain, is {n^reatly developed, so as to form a 
tliick fleshy rind. In the Turnip the cortical narenchyma is little devo- 
loped, nnd the moss of the tibro-vascular bundles lies immediately under 
the rind, the inner vascular parts of the bundles being split up, as it were, 
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into a row of libres riidinllv amingt^d and iinbedciod in a jrroat quantity 
of lax paveiiehvniii. The bljro-vusi*ular btindh*.-* t*on\er^n* jit ilie “ ctdliir'* 
and tliLMi separatf* a^ain to siiiTound the piik of the 8leiii; they also eon- 
verjre again towarda tho point of tho root. Theae ao-called" roots nrtJ 
more nearly allied to the stem, and are, indeed, hypoeotvledonary stems. 

The striicturo described under (Ihj name of Hpontfiolvs has no existeiiee 
in natur»>. ^Fhe error hits probably aiiseii from the uppearanct; presented 
by the pileorhizn. 

Old roots of DieotylediUis present a dense heart-wood like the trunks, 
passage of iliiid tiikiiig jilaci* tlirough the outer layers. When the older 
parts of rotUs are exposed to t)»o air by remo\al of soil, they acquire a 
thick corky ptridenti. 

The general structuro of tho root of Liymnosperms is like that of Dico- 
hdcHlons, oxce])t that thertj is no deriiiatngen, tho outer layer of tho 
periblem becoming Irauftformed into epidermis. 


Fig. 



Projection of a fraffim-nl of the le«f of lli«» Turnip, conHtnictod from acctions niaih* in variouN 
dircctioiiri. and niai'ii. inn Jjt&iii.: c, 4'i»ii1<*rniH of tin* lippur surfaei* with itn htoniaUi,; e’, 
ttpiilcrmis of the Iowit face ; *, utoniata. cut through, opening into iiitcrrclluhir 
«!» dost* parenchyma (pulimulc ecu'-) uf the upper f>iirt of the leaf; in’, looi*e ami fipoiigy 
parenchyma of tlm lower part ; J‘.b, the cut end uf a libro-vaacular bundle forming uun 
of the veins of the leaf. 

Structure of Leaves &c. — The plan of construction of the leaves 
and of the other appendicular organs of the stem is in the main 
identical throughout all cases; but there is very considerable 
variation within the limits of the general type. The essential 
character of the anatomy of a leaf is, that it is an expanded layer 
of parenchyma clothed over its whole surface with epidermis, and 
famished, according to its degree of development, with a more 
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or loss extensive and complicated framework of fibro-viiscular 

bmidlos. 

Jn the L^af of the 'riimip, for example (fif?. 686), we find an upper (>) 
and lower {(^') epidermis, will) an interTiiediuie mass of panmohymn (or 
mereiiehyiiia, w/, w/’), rnllier dost' in the upper purl, wdieiice the naino 
palmidi' tmuf, and spoiiplVn’in in the lower part. The epidt'rrnis is 
studded wilh stomata («), which open into intei-celUilar spaces couimu- 
ni<*atin^^ freely lhroii«rhont the sporijry tissue, and, further, throiijrh the 
petiole, w’ith tlie iiitercelliilar passajrt's in lht‘- stem. The fibro-vnsculnr 
systi'iii (I'ihs and rrm.s) runs throufj;h lln^ lower lax parenchvnia 
686, /*./;), and (’(uisists of hiindles jd* spiral vos.'Kds and liber, the former 
continuous with tlie medulla rv sliealh juid youn^»-e>t part of the vascular 
axis of tli(‘ stem, the latt( r (‘(tiitimioiis with the liber-bundle outside tlie 
cambium. Tin* priimirv ribs in ino-t I»ico1y]t‘dous contain much liber, 
and llnis bccuuu* M'ry tliii'U, so ns to project from the lower face of the 
leaf. 'rii(*y liavt* a structure almost precisely like that of a small branch. 

(ireat dilll'i-ences result iVoiu the dilTenmt dejrrecs of devtilonincnt of 
the s])()n|jry i>oriiou, as imi\ be siam by compariiip* the leaf of the Lilac 
with that of till* Aloe or Mvm mbnjitidhvmuw kc. The deprive of consoU- 
datioii of tin* cpiilcrmis by the formatiun of thickeniii^r layers is the 
principal source of ilillerence in the deirree of solidity of leaves. 

Subuierired leaves of lupiatie plants hu'M* no .stomata nor any extensive 
intevci'llular system ; the epidermis is also little developed, and there i.s 
c.®mmonly a total alweiice of llbro-vn.scular tissue : henco thod(‘licato and 
pt'i ishable character of these orj^aii.^. 

'I’Ik* leaves and other appendicular orprana aro especially the seat of the 
jrhindular and analogous epidermal structures. 

structure of Fotiolos. — Tlie petioles usually consist of a moss of pnren- 
chyma, surroumb’d by e])ideriiii.'« and traversed by iibro- vascular bundles 
arranged in a more or less semicircular iiiauuer, the spiral ves^ds lieing 
uppermost, corrcspoudijig to the medidlury sheaths. When cylindrical 
the bundles form a complete ciri-le, and the structure is tlipu undis- 
tingiii'ilinble from that of a young branch, on wliicli account the ordinary 
It'af has been regarded as a branch the uj)per portion of whoso vascular 
tissues are suppressed or depauperated tC. dcOaiidolle). 

Fall of the Lcitf. — The fall of the leaf, as of tlie fruit, and in some 
oases of the branches (as in iV:o.), ipellected by the gradual for- 

mation of a la^er of thiii-As ailed cells across the petiole, at right angles 
to the direction ol' tint other tis.Mies, and which thus ultimately 8t‘parat08 
the iuert leaf I’rom the li\iiig stem as by a kuife-blodc. 

Structure of the Floral Organs. — Bracts, sepals, petals, &c. are 
oq^inized on the same jdjin as leaves, their epidermis frequently 
pifBenting raised conical cells and having stomata. The tissues of 
those organs are more delicate, the iibro- vascular structures being 
almost exclusively formed of spiral vessels. The parenchyma of 
petals contains Huid culouring-jimtti'rs instead of chlorophyll. 

In the panmehyma of Ihc floral organs of coloured structures, the cells 
are lilled with fluid colouring-matters of vaiious tints, the depth of colour 
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deppndinnf on tho preator or sinallt*r niiiiibcr of Inyors of colour-f»*lls 
b‘*iioatli the epidfrniis, tlio tints (liiriM-iiijr accordiii^ily ns cells coutniiiin^ 
colourinf^-inatler of dillereat hues overlie one another. 

Structure of the Anther, — Stamens nnd pistils are composed 
of rather n^tjuhir parenclivnia with a delicate epi(h‘rmis, and tibro- 
vasoular ribs more or less developed in different eases. 

The structure of the anther is somewhat complex, varying not only in 
different plants but also in dillerent stages of gnjwtli. At tirst c»jnsi^tiiig 
of cells oT about the same size nnd form, it subsi‘(juen(ly presimts arenlral 
mass devoted to the forniatioii of the ])ollt‘ii (set) under PIiyMoIogy t»f 
liepn»ductive Organs). 'Fliis central mass is overlain by thrtM* layers of 
cells: tirst in order going from within outwards is the con- 

stituted by a single layer of delicate colls of a difft*rent size and shape 
from the rest, and usually disa]>peariiig the polleii-graijis are inatiiiNMl. 
Tlu‘^e Cells apparetilly contain nitrogt-iioiis eoiilents, siippostul to he 
a])plied to the nutrition of the pollen-cells during tln*Ir growth. This 
layer is persist<'nt in tho ease of anthers ojieniiig l)y pores. Succeeding 
the oiidothi‘cium are one or more layers of pemiaiient cells, some of 
which contain spiral tihres. Tliese cells constitute the mrsnfhrimn. 'i’he 
tibroiLs cells vary in number and situation in dillerent plants, and are 
Home.tinuis oiilmdy ahseiil, as in the case of anthers opening hy p')re>; 
hence they arc supposed to act hygi-ometrically in tlie di*liisceiico (»f 
valvular anthers. The third layer of the anthers is of an epithnriial 
character, aud is called tho vxotltvcium, 'rhi‘ connective lias the generill 
structure of the fihunmit ; soiuetime.s, us insonu' Lilies, iteoutains iihr«ms 
cells. J<]ach coll of the anther is y)artly siibdi\ ided hy cellular pro jecliojis 
from tho connective; to these* pioeesses M. (Jliatin gives the luinu* of 
phwontoiiky being of o])iniou that they contribute to the nourishunuit of 
the pollen. 

Pistil. — Tlie ])istilfl and fruits have, f(»r the most part, the genr*ral 
structure of leaves. Some cif their tibro-\a>cular bundles run along the 
placentas and give off spiral vessels through the funiculus to terminate at 
tho chalaza of the ovule. 'I’he style has usually in the centre a quantity 
of loosely packed, cylindrical, elongated celL, constituting the conducthnj 
for the pollen-tube.s. The. stigmatic cells are devoid of epideiTual 
covering, nnd lienee present the form of partly detached prominoiice.s or 
papillie. 

Ovnlefi, Seeds. — The coats of tlie ovTile, as well as the nucleus, are de- 
scribed as wdiolly cellular; frecpiently, however, tho vasi-ulnr tis.siie, 
in.stead of ceasing at tho chalaza, is prolonged upwards into the ctjats, as 
may bo seen in the testa of many .•^eeds, c,//. .\1niond, Walnut, Cycas, «fcc. 
Great chujiges take plac(* in tho nature and amingemeiit of the cells n.s 
I the ovules ripen into tlie seeds. The disposition of the cells of the outer 
investment of seeds is often very beautiful and characteristic. 

In the ripening of the fruit the organizing tissues, which carry on the 
growth of the organ, are situated between the inner epidermal layer and 
the Hbro-voscular zone, as in the cose of leaves. Moreover tlie fibro- 
vascular bundles are arranged, as in the leaf-blade, with rtiference to a 
surffuie, aud nut in a cyliudiical disposition as usually in stem-organs. 
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Thalamus. — The anatomy of Iho thalamus or receptaole cor- 
n^spontls witli that of the stem. IFollow receptacles, like those of 
the Kose or of thc^ Apple, in which the carpels are enclosed or 
imbedded, have (‘ssontially a stein-strucf ure, their cambium-layer 
belli" ])laced between the tibro-vaseular zone and the outer epi- 
dermis. 

Anatomical and orprnnojrcnptic investigations show that inferior ovaries 
f]). l.'JO) are really ensf's of ii(lIu‘sion 4>f th(5 iuibcdded carpels to the 
expanded upper extremity 4»f the thalamus. 

'Hu* parts of the tiower, and especially the carpels, show many minor 
variaiinns of strucliire not clearly reft*rahle to oil her the leaf or tho stem 
type of structure ; and from these, as Avell ns from numerous exceptional 
and transitional cases, it mu-at he tissutmal that the distinction between 
leaf and axis is not absolute but arbitriiry, tbough it must for convenience’ 
sake be retairnal. 


CIIAITER II. 

niYSIOLOGY OK YKGETATION. 

Sect. 1. ( I KN E « AL C( J)£ 11 ATIONS. 

Plant Organization. — I'lic organizatiou of plants is regulated by 
:i series ol' laws wliicli exliilut ditfereiil degrees of giMiorality. 

1'lie most geneiMl law of jill is that under whicli protoplasmic siibstanco 
assimilates inorganic or, more rarely, «»rgnnic nialler, and produces the 
closed cellular snes culled \egelable cells. This affects nil vegetnhlo 
structure wliatsoever. Animal protoplasm has apparently no power of 
assimilating inorganic mat lev. 

The Fungi and parasites live on oiganic matter ; and this is prohnbly 
the case to u giuait exti'iil with <‘ulli\iited plants grown with excess of 
oigahic manures. "This will he n ferred to hereafter. 

One degree less g<*iieral arc the laws regulating the /orww of the cellular 
siics or ctj/As‘. 'fliese determine at the same lime tho specific form of the 
plant in the Unicellular Algje. 

Next follow the laws cp' development of the etcondary depoinfs upon 
the walls 4if the cells, hic,h are valid throughout the whole Vegetable 
KiiL^doiii, but more and iiiore complex in tin* successixely higher classes. 

Ine laws of combimition of the eells into ure a little less general, 

tho diversity increasing here again in proportion to the liigher position of 
the species. 

The laws regulating iha fonns of vryam are of very great importance 
and interest ; and in tliese we have to distinguish two aspects* or, it may 
he said, two coexistent series. 
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Tlie principnJ (,-lftsse8 of I'lnnls are chnrflctorized by respectively 
p(»8«essin|X n, peculiar type or plan of combiiiatioii of tlu* orjrau'*, luixiu^ 
not only a niorpliolojru'al but a pliysiolofricnl spcciiility. Tlu* Ivpe, more 
or less recojrnizable, is a mark of the existeuco of a common l ov of in- 
lierilcd orjraiiizalion tlirougliout eac-li class. Witliin tlie limits of the 
< 1 hss(;s exist alnujst inlinite varieties of refcmble to morplmlopcal 

lav.'s Avliicli liavc been inve8lifrat«‘d in tin* First I’ait of Ibis work. A 
j’omplicated but ^n*adimted and intercoiiiu*cted body of laws av.'IM there 
shown to leirulati* tlu* \nriatioiig of fonna in plants jrone.rally. 

Lastly, iti tile description of the yatimd Order of plants, it will have 
been recognized that there arc* still more special laws of devel(»pnu*nt, 
causing'* t la* existence of reseinbhiiice in limited groups of species; and, 
beyond this, i*very species or kind of plant has its form and nuMle of life 
more or les-s deliniti*ly fixed and regulaf(*d by its sp(*(‘ial law of orgaiiiza- 
tijin deriveil from hereditary desci'iit, and modified in accordance with 
e.vteriuil eircuiustjinces and the reqniivmenls of the plant. 

'J’hese retlections (*imble us to explain simply tno ti^nns higher and 
lower classes or species of ]dants. In flu* yVefococct/#, consisting of n 
simple cell, the sjiecilic law, that which determines tin* charact<*ristic 
form, follows immediately on the first of those ahovt* indicat(*d. In a 
(hfi/erra, tlu* second and third an* botli involved ; and the s])edfic hnv at 
once succeeds these. Prociieding step by sti*p, We shall find spa in 
A\hich there is a diversity of forms of the ct*ll and of ti'-sues (higher 
Alg.e) ; next, an addifionnl diversity of organs (leafy Cryptogamia) ; and 
tlu*u come into play the laws of the physiological ami iaoVphoh>gical types 
of combination of organs, which are most (*oin]>licafed in tlu* Flowering 
]M,mt-j, ill the (hwelopment of wJiich, howe\er, Iroiii tlie origiiml germ, or 
embryonal vesicle, AV(i may trace, in a graduated .series, ibe comnuau'cmcnt 
of tlu* operation of the .sum*ssi\ely le>s general laws of organization. 

Not only do dilTorcuit ])]anls disjday gr(*at divorsities in slructnro 
and composition, but <*acli indi\idnal jdaiit oilers more or loss 
di verso characlers at different jieriods of life. 

eoinnienee their iiuh*peiident indiudiial life in the form of 
a eoll or a group of cells si^paraied from a jiaroni organism. In 
the lower ]>lanls such c<*11h, onee, fully cleveloptsl, as sjtoreH or as 
tfonidiiiy are capabh*, under suitable circumstances, of growing up 
into coinph'te plants. In the higher Classes these ve]h (nnhrifonfil 
resides^ or tlu* i^nmarif rrHs of a Uaf-hwl) go through the earlier 
stages of dcvelo]>ineiit connected with the parent organi.sm, and 
are detached (as or as bidtils, &c!.) already provuhid with rudl- 
inmitary organs of a egetation. 

Duration of Vitality. — In those cases where the detached bodies 
are products of simple vegetative cell-division, they ofUni proceed 
at once to grow up into new plants (fjonulia, zoospores), but mon? 
frequently their vitality remains latent for a certain definite pericKl 
{hulhils^ spores of Mosses, Ferns, and when the body is a 
result of sexual reproduction, it almost always remains for a more 
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or l(\ss iiulftfiTiite period (capable of beini^ shortened or prolonged 
within certiuin limits by exterjial c:iusi*s) in a state of rest (secda, 
resit of and then undergoes peculiar internal 

clianges before reeomineiiidiig development (permutation) in order 
to grow ii]) into a new plant. 

Seeds nnd resiing-s pores (and to a less extent the re.<itiiig-organs pro- 
duei'd in A’egoUitive propat^^iition, as Aw/Zw, tnhars, krA are organized in a 
iiiarinor espeeially adapted to preserve the Intent vitality frtJiii injury by 
exti'rnal inUiienees. Tlitw eaii withstand groat variatijins of heat or c<ikl, 
especially in the absence («f moisture. Most seeds will bear a tcniperature 
very far below freezing-point if kept drv. \Vhe/it left in tho Arcdic 
llegions by the crew of the * l\daris,’ and brought home by Sirtieorge 
Nares, after two years, was timnd to ha\e its germinating power unim- 
paired, and Tiiany Avill even hear an exposure to 100^ or 1 10“ Kahr. in dry 
.sand. Prolonged iminersion in water at 12(F Kills most seeds, unless the 
skin is V(ixy thick and they contain oil instead of slareh in the oiidosperm. 
Rome Moods will Ix'av a short immersion in boiling water ( f'eronira ) ; but 
llie seeds of (^‘roMls, lieans, Jdnseed, and other plants scaitJely survive a 
15 minutes’ soalving in water of 110“, while they will bear 140'^ in steam 
and 170“ in dry air. 

Some seeds iiaturallv lose their vitality very soon : this is tho case with 
tlie seeds of o, Alfo/tto/ia^ &i\ ; while other instances are related in 
wliieli it has been preserM‘d for centuries. The cases related of the 
germination of Wheat taken from I'lgyptian Mummies are fallacious: 
but well-anlbentieated instances exist of long pivservatioi). 

TIk' ri*.', ting-spores of ( ’niileivdids ( Profocorvits) liave been revived after 
rmniiining for years in luTbiiria ; and it is in curious relation to their 
growth in shallow pools, often dry in summer, that the resting-spores of 
these plants appear to riMpiire to he dried bidbre they will germimile. 
.Mr. Miinhy l'»)und a bulb of a species of Xarcissiis sprouting in his 
herbaviiini after it had been gathered (in Algeria) upwarcis of twenty-two 
years. 4iiis bulb, removed into tho gi’eenhuuso and potted, produced 
ilowers. 

Periodicity of Growth. — Plants are subject to a periodicity in 
tlioir vital phenomena, partly de,peiideut on their own laws of 
growtli, partly on the s«msoiis in the climate where they grow. As 
de|)end(m1 on spc'cial laws may h* noted the difF(*renees between 
annual, biennial, and ])erennial plants (properly so called), between 
dei’iduous-loiived and evergreen tret‘S, &c. 

Atnntal plants arc such as genuinatc from seed, produce their whole 
vegotable siriicture, Howcts, fruit, and seed, and die away in one season, 
between spring and autumn : such are the summer annuals of our gardens. 
liicnnitds sprout fiMin set‘d in one season, and bloom, bear fruit and seed, 
and die in tho second; the' Turnip, Carrot, (Knothera hiennisy See. are 
examph's of this. Perrnnkd plants exhibit several varieties of condition. 
Htirhaceom peremiak (like the Dais}', Primrose, Garden Flag, &c.) ger- 
minate in one season, and produce a subterraneous rhizome, of iudetiuite 
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duration, which annually sends up a flowering slioot or shoots. Other 
perennial plants of tliis kind form one slioot, whicli vejretates uuinter- 
riiptt-dly lor many years before it llowers {Agaoe amtrivana^ Talipot 
l*alin, &c.); and after ripening its seeds the stem dies down, leaving 
ii.'^ually a number of olfsets from tbo axils of its leaves {fnotweaf'^na pcreti- 
nials). 

Woody perenniahj trees find shrubs, nsimllv vegt'taie for several years 
liefore llowering, but lire subject to periodic rest, tlirowing oli’ their 
Ibliagti and renewing it upon freah shoots of the same stem eveiy season ; 
and when they tlower, the operation exhausts their uceninnlated powers 
of development so little ihn! they continue to llower periodically (every 
season if in favourable condition) tlirongliout life. 

Habit of Plants. — 'flie “ habit ” as.sumfd by plants depends in some 
degree on external conditious. Tims iiiaiiyof our garden annuals are 
perennial in their until e climates: for example, ItiriniM (the Castor-oil 
jihiiit), J/mi/y/7/sj and other genera are annual herbs with ns, but pereiiuial 
and even wood\ in wanner climates. And some aiuiiials may bo made to 
\egelRte for more than one season by reumxiug the Hower-biids as they 
ujjpear, as in tlie. ea-se of the so-called 'rree-mignonnetto. The Wintei'- 
corn of Hgnculturalists is n*ally an annual plant, soxvii in nutiiiim to 
olitaiii stronger giowth, and is not specilicallv ditterent from Spring- 
corn, sown in spring and reaped in autumn. I’ln* common Chcrry-treo 
retains its leax’es during the whole year and becomes an evergreen in 
tJexlou; and iiiany similar iiistaineeH of cliantreil habit, the result of 
altered condition, might be cited, while for further particulars respecting 
the duration ol' plants the student may refer to the sections treating 
of the .Morphology of Stems. 

Few p(‘rennial plants retain their appendicular organs bevond certain 
deiinite |)eriod8. Ordinnrv deciduous trees lose their leavf‘s m autumn in 
our climate; and previously U> tinjir fall their organs undergo internal 
chnnijeN, in which the assimilated matters are, for the most part, removed 
and tlndr green colour altered. "J'hey are gimerally east off by a regular 
froctui'e wdiiTe they join the stem (p. 540) ; in the Oak, iJeocli, and dther 
trees they die in autumn, hut do not full aw^ay at once, often remaining, 
when not exposed to violent w'ind.s, until pu.shed olf by the expansion of 
the stem in the next spring. Kveigi’cen trees and shrubs retain their 
leaves green and living until the succeeding season, when the new leaf- 
bnds e.xpand, as in the Cherry-laurel, Aucuba, &c. ; or, as in many (kmi- 
fer.T, they remain attached to the stern for several year's {Araucaria 
iuihncata] i&c.). In some of lhe.se cases the so-called leaves are 

probably foliacemis brnnehes. The leave.s of arborescmit Muiiocotyledons 
( Palms) are also of long duration. The parts of flowers and ripe fruits 
are likewise cast off in most cases, although the fruits from which 
seeds have escaped sometimes remain lung attached in a dead condition 
(Conifers). * 

The axis is the only permanent part of the plant; and the unlimited 
duration of this is strictly dependent on the development of leaf- buds. 
When a shoot ends in a bdossora-bud, the growth of that branch of the 
axis is arrested, and the prolongation of life depends either on the axillary 
leaf-buds situated below or on the formation of an adoentitinm bud. 

The production of flowers luid fruit is an fexhausting process ; it has 

2 N 
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been noticed that nniuiala mav be made to live aovoral years by pre- 
Ventinpf them from flowering^. The arrest of gfrowth of thii Itirgre and 
hi|rlily developed axes of iiionocarpic perennials {Agave, Talipot Palm, 
&c.) IS a necessary consetiuoiice of tht? terminal biid producing^ blossom 
instead of leaves \ but the formation of propagfative. oftsets from the leaf- 
axils before death is strictly dependent on the dtigree of vigour possessed 
by the main axis at the tiiiie of flowering. 

'Fhe duration of herbaceous penmnials may be regarded ns unlimited, 
since they are always ])laeed in a position to form new absorbing organs 
(roots) in the vicinity of their niids. The duration of trees is also 
theoretically unlimited ; and in many cases great age is attained ; hut 
ordinarily trees acquire increased vigour with age, up to a certain point, 
and then begin to decline, a circumstance attributable to the incrcjnsing 
distance to which tlie buds are removed from the roots, the obstruction 
to the flow of sa}), the local decay of the roots and trunk from external 
injuries, &c. (Sittings from old trees, if taken from sound shoots, may 
Ini made the foundation of new trees us vigorous as the parents were in 
tjieir earlier years. 

Palm-tr('es grow to an age of 200 years or more ; the Drncmm TDragon- 
trees) of 'reneriffe have been kuowm as old trees for centuries. Oaks, 
Tiiines, Cedars, Yews, &c. are known to have lived many centuricjs; and 
other cases are on record of gigantic trees wliose age, deduced from the 
number of rings of growth ()f the stems, would aniomit to upwards of 
.SOOO years. Tlie iiertholletiai of Kra/.il, the Adammire of Senegal, and 
tlie WeUinfff.onia or Seqmia gUjantea of California (30;1 feet high and 31 
feet in diameter at the hast*) are examples of this. 

Death of the Plant. — In herbaceous ])ereniiials the older parts 
of the plant die and decay in a limited period after the develop- 
ment of the new axes. In Dicotyledonous trees also the older 
])art, which is enclosed l)y the mnv layers, and becomes cojisoli dated 
into heart-wood, must be regarded as dead after a certain period, 
ceasing even to carry sa]) mechanically ; and we see hollow trees 
of this Class living and growing, where the whole of tho older 
part has been lost by decay, a living shell of wood constituting the 
bond of connexion between the roots and the grow ing branches of 
the axis. 

This death of the older tissue is not so common in arborescent 
Monocotyledons ; but it is observed in Paiidatius(J\^, 10), where tho 
base of the stem and the old roots decay, now (adventitious) roots 
sprouting out from the living part of the trunk in a continual ad- 
vance upwards. 

Tho death of a plant or part of a plant depends upon the death of the 
cells composing its tissues. The duration of tho life of individual cells is 
very dilferont, according to their position and function. Cells situated at 
growing-points (in buds, cambium-refrions, tips of roots, &c.) are very 
transitoiy, since during active vegetation they are continually divided, as 
parent cells, into two or more new cells, part of which are left behind as 
permanent cells , — those situated at the periphery, or most advanced point. 
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bocomiu" in turn thft •parv.td cdh of a new ^onoralion. The pornuinent 
cells become parts of parenchyimitous, proseiicliyniiitous, or vascular tis- 
sues in the vegetative orfrans, or parts of rt‘productive struetures in floweiii 
and fruits. Thus they run tliroujrh a course of life dependent in each 
case on tlie laws of development of tl^ nlant, aocordiii;^ to which its 
orj^ans have a 8lioi*ter or lonjrer duration. The death of the orjjan or tissue 
in which they exist results from the cessation of tlio vital activity of the 
colls accordint? to these laws ; aud their decny^ from the now unopposed 
operation of simple chemical forces. 

Vital Phenomena. — Tho principal vital phenomena exhibited by 
plants are coniuictod (iithor with the maintenance and incTcaso of 
the individual organism, or with the prodiiclioii of special structures 
endowed with [)ower of growing up into new individuals wlieii 
thrown off by the {)iirent. 

We say tlio prineipal vital nhenomoim, because there are some which 
we caiiMol strictly aflirin to belong to either of the above classes, although 
there can h(i but little doubt that they are in some way related; of these 
are the niovenienls of plants like the Sensilu e-plauts, the folding up of 
leaves or tlowers, iVc. 

Vegetation, Nutrition. — Tiio ])roeesaes of veifetation^ or growth 
of the iiulividiial, are, from the peculiar orgainV/ition of vegetables, 
connected with the processes of reprodactiou^ properly so called, 
by the ])hcnornenon of innlti pit cation or 2 }copa{fation through 
natural or artificial separation of portions of the structure which 
might romain and form branches of the parent stock. I’his veye^ 
tative propatjaiiott^ distinct in important anatomical and physio- 
logical characters from sexual reproduct ion^\H found in all classes of 
plants, and from its importance in relation to cultivation deserves 
separat(i consideration. 

The construction of plants from a number of like parts more or less 
physiologically iiideptjudeiit allows of their being increused by mechanical 
subdivision of the parent stock,” which is etlocled by making cuttinijs^ 
&c. The same occurs in the propagation of plants by bulbs, tubers, &c. 

The Vegetative processes of plants are divisible into several 
heads, which, however, present many points of iritercoimexiou. 

Nutrition^ properly so called, can only be said to go on in the 
protoplasmic matters found in the interior of cells, since it is these 
substances alone that exhibit phenomena of consumption andi*epara- 
tion. The tissues of plants are, under ordinary circumstances, 
never rencw<»d ; tho only changes which they uiulorgo are stages 
of ])rogres8ivc development or growth, succeeded sooner or later 
by decomposition. 

Bevdoptnent or organization constitutes the most striking mani- 
festation of tho vegetative action ; but this is a final result, pre- 
pared from, aud incessantly accompanied by, phenomena which are 

2n 2 
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results chiefly of the regulated action of physical and chemical 
forces. 

'J'ho subsidiary operations of vegetation are — absorption of food, 
(fiffusion or trnHsrnission of fluid through the organic structure, assi- 
nlilatioH of absorbed material, "and, intimately connected with this, 
the processes of respiration, transpiration, and 'tnetastasis. Secretion 
is more nearly related to development than to the processes just 
(uiiiineratedi 'J'he relations of many of the accretions of plants 
are very obscure. Htarch, chlorophyll, fixed oils, sugar, Ac. are of 
course intijuateJy connected with the vegetative growth; but we 
have liitlo clue to the importance, as regards the plant, of the 
essential oils, resins, alkaloids, &c. 

The Ve[f eta tire Vropaijathn of plants presents special modifica- 
tions connected with the peculiar conditions of organization in the 
(lifForent Classes ; and there are some important considerations 
connected w'ith the contrasts existing between the results of this 
and of sexual riiproduction. 

The Sexual lieprodvetion of plants offers a series of phenomena of 
much interest when viewed comparatively throughout the different 
great Classes ; and tlie ])henornena of IJyhridization and the influ- 
ence of sexual reproduction in the maintejiance of spt^cific characters 
require especial notice from the vegetable physiologist. 

As the Vegotntive propagation is a process of vegetative life trenching 
<ni the region of n'production, so ninny of tlio phenomena accompanying 
sexiifil reproduction are properly special vegetative actions induced by 
jiecnliar stiiniili : among these ni-e the pheiionionn of ripening of fruits and 
sporaiiges, the evolution of heat from flowers, the irritable movements 
of floral organs, Ac. These, and somo other unclnssed phenomena, will 
he most con veiiieiitly. examined apart. In the succi*eding Chapters on 
IMiysiology w’e shall examine separately: — 1, the processes of Vegetation ; 
2, the phenomena of vegetative IVopagation ; H, the jihysiolugy of sc^vunl 
Jteprodiictioii ; and, 4, various iinclassed phenomena met witli in a more 
or less limited range of cases of vegetable life. 


Sect. 2. Cell-Life. 

Hovementa of the Frotoplasm, &c. — Intimately connected with 
the early history of tho protoplasm of the cel] (p. 405) are cer- 
tain physiological phenomena of the contents of individual cells, 
which will be most conveniently described here. 

During the time W’hen the protoplasmic contents of young cells 
are becornbig gradually hollow’ed out into spaces filled with watery 
cell-sap (p. 41)4), a regular movement of this protoplasm takes 
place, w hich may be obsen'ed very readily in young hairs of Phane- 
rogamic plants (tig. 580), and which probably takes place in an 
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early stage in all other structures. This movement, which is erro- 
neously called rotation of the cell-sap^ is a circulatory movement of 
the protoplasm made perceptible by the minute opaque frranules 
W'hich exist in the colourless fluid. The hudeus is also carried 
slowly along in this luovement, whifth, when the protoplasm has 
become conxerted into a mere network of 


cords, has the appearance of a system of 
reticular currents (tig. 586). This move- 
ment of the protoplasm ceases in most cells 
before they are full-gpowii ; but in many 
aquatic plants, even of the class Phanero- 
garnia, the protoplasm does not become 
excavated in the same way as it does in 
the cells of hairs <fce., but applies itselE 
as a thickish layer upon the inside of the 
cell-walls, and, retaining its activity, per- 
forms a rotatory moxement around the 
wall of the cell permanent ly. In Otara 
the moving layer of protoplasm is not 
applied upon the cell-wall : the primordial 
utricle, with the chlorophyll-corpuscles 
imbedded in it, lies on the cell-wall 
motionless ; and a thich mucilaginous 
layer, situated betwoon this and the c<‘n- 
tral cavity filled with watery cell-sap, cuii- 
tinually circulates. 


Fig. 686. 



Two orlln of a hair of thi; nta- 
nien of TSradwfunha^ with 
nuitloi and roliculated our< 
rnntH of nrolopliiBm. Mhku. 
250diam. 


The circulation in reticulated currentH is most easily observed in young 
hairs of the higher plants. Tlie inovenient of the naiietal layer of proto- 
plasm is made very visible in the loaves of Vatlimeria by the green 
chlorophyll-corpuHcules imbedded in it ; and it may bo well seen in Ana- 
c/iaris, in the delicate tissues of Uydrocharis, Straiiutrs^ &c. It occurs in 
the rootlets and other parts, as well as in the leaves. The phenomenon 
is most strikingly shown in the Characese, especially in the Nitdlay which 
are simpler and licnce more tran.spareiit forms. 

This movement is only aflected by substances that injure the healthy 
condition of the structure, such as chemical agents producing bursting or 
solution of the tissue, heat suflicient to cause coagulation or solution <»f 
contents, &c. In Chara, the large cells may be tied across and yet the 
circulation he set up again in each of the chambers thus formed. Eleo 
trical currents do not affect it. 


Cavuies of the Movements ; Action of Ugrht. — The movements in the 
protoplasm are attributed to various causes according to the nature of 
the movement,^ such as contraction of certain portions of it, varving 
degrees of im^bibition in different portions of the mass, the alternations 
in this wise giving rise to the currents. The movements connected with 
cell-division and growth and the rotation of the protoplasm take place in 
darkness as well as in the light. In many cases it has been definitely proved 
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that the movement of the juices in which chlorophyll-pfranules are con- 
tained is directly dependent on the agency of light, especially of the more 
highly refrangiClo rays of the spectrum. Under the influence of diffused 
light the chloropliyll-grrinules range themselves parnllel to the surface. 
At night, tus well as under the influence of direct light and of the most 
luminous and least refranf»ible rays, they are disposed at right angles to 
the surface, on the lateral w’silla of the cells. Jf, however, the light fall 
from one side only, and the illumination be prolonged, the grains show 
a tendency to accumulate on the side of the cell most brightly illuminated, 
just HR the zoospores of Algje do. Tinder unfavourable external condi- 
tions (low temperatur(% age. or deficient ligli’t) the clihu’opliyll grains are 
arranged against the sides of cells adjacent to others, and not on the free 
surface as under normal circumstances. 

Analogous to the rotation of the protoplmm are the movements of 
the cUiatffl zoosporea of flie Algie and of the ciliateti a^^rmatozoids 
or antherozoida of the higher Cryptx>gainia and the Algae. 

Zoospores are formed by the eontenf s of vi'gtdaiive cells becoming 
isolated from the eoll-wall, and individualized into one ((AV(or/o//??//a 
fig. 505), a few {LJlva^ &c.), or mnnerous (Cludophora, 

fig. rjl2, C, and Phreospoin'ie) eor])useul(‘R, which break out from 
the parent sae, and when free are seen to bo provided with 
vibratile cilia (2, 4, or many), and to swim about actively for a 
period of from lialf an hour to se\(iral hours, then to settle dowm, 
become encysted by a cidlulose mombraue, reassume the characters 
of ordinary vegetiitive c(*lls, and grow up into ucav plants by cell- 
division. It has l)('en observed that those zoospores with cilia at 
one end direct that extremity (which is dostif.uio of chlorojihyll) 
towards the light ; and, moreover, the locomotion of these bodies is 
accompanied by a movement of rotation on their own axis. 

Spermatozoids ani filiform bodies of various forms, mostly present- 
ing one or more s))iral curves, or minute globules, and usually 
furnished with vibratile cilia. They are formed by a metamorphosis 
of the protojdasmic matter of cells developed for the purpose in the 
antheridia of the Crvplogamia. They are extremely minute, but 
move very acf.i^ ely when they escape from their parent cells, con- 
tinuing to swim about for sonic time, being destined to find their 
way t<^ the archegouiuin (or to the* bpoi’cs hi Alga?), to perform the 
fertilization of the germ-cell. Many, however, never reach this, 
and they ^adiially dissolve away. 

In the Volvocine.*© (fig. 1)) the separate primordial utricles lie 
imbedded in a common envelope, without a membranous cell-coat, retain- 
ing their vibratile cilia throughout life, only becoming encysted and 
formed into proper vegetable cells when converted into rastihg-spores. 
In the intimate affinity betw'een these productions and the Protozoa, or 
lower Infusoiial Animalcules, we perceive the close bond which exists 
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between animal and vegetable organization when reduced to its lowest 
terms. 

TVs lonp; as a coll retains its active protoplasm, it is capable 
of producing new cells and organized forms of assimilated matter, 
lilvo starch and chlorophyll, in its contenis. This is the cases of 
courses in all nascent tissues ; but it ceases to be so at various 
periods iu dilferent parts of the vegetable organization, in all 
woody tissues, in nil pitted and spiral-fibrous cells, it disappears 
early, secondary deposits of the ligneous character being formed 
apparently from the w atery cell-sap. In herbaceous organs, such 
as leaves, iii the c(‘lls of the Cellular plants generally, in fact in all 
the ])roperIy living structures, the protoplasm remains. 

Tliiw ex])]ain3 why the pow<^r to form adventitious buds exists not only 
in tlie caiiihiuni-layiT of tlie higher plants, but, under certain conditions, 
even in tlie leaves (su‘s in liryophyllum^ Oluxinui^ &c.), and why gemma-- 
lion or propagation hv little cellular bulbils, or isolated cells detachi^d 
from the vegetative orgnns, is so common among the Cellular plants, and 
in the Mosses and Liverworts, where parenchymatous tissues so greatly 
predominate. 


^Nutrition in Cellular Plants, 

The elementary structures being esseiitiully alike throughout the 
Yegetable Kingdom, and the physiological phenomena of vegeta- 
tion depending almost (‘iilirely upon processes taking place in the 
individual cells, it is very instriictivo to cAamine tin* phenomona of 
nutrition and growth in those 8im])ly organized ])lant8 in w'hich we 
are able to observe directly the changes in the li^ing cells. 

IVIany colluhir aquatic plants are especially adapt f*d for these rosoarches, 
from their simple structure, transparency, and their acpiatic habit, which 
permit us to keep them iu a growing condition in glass cells beneath the 
microscope. JJy Avay of illustration the hi.^toiy of the Y east-plant is 
subjoined. 

The Yeast-plant. — What is called the “ Y^east-plant” consists of a 
particular form of the mycelium of a Fungus (tig. 587, Tmtila cere- 
vim€e). It is composed of simple cells, which will go on multiplying 
by budding for an indeHiiite lime if placed in a liquid containing a mix- 
ture of saccharine or dextrinuus substances, together with albuminous 
matters, at a moderately warm temperature (59“-07^ F.), bubbles of car- 
bonic dioxide being given off. These cells are simple membranous vesi- 
cles, with their wrallsfonned of a modification of the compound (ceZ/a/os^*) 
of which all vegetable cell-membranes are formed, and mixed with which 
are very minute quantities of sulphur, phosphorus, })otaBsium, magne- 
sium, and calcium. Within the cells exist nitrogenous matter in the 
condition of protoplasm, fattjr matter, and water. The increase of the 

S lant is dependent on the assimilation of substance requisite for the pro- 
uction of new cell-membraiies, and of other substances to furnish new 
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nitrogenous contents. When no material forforiuing cellulose exists, the 
plant cannot grow ; hut in solution of pure sugar iu the ahsonco of any 
nitrogenous substance, the plant will multiply its cells for a certain time, 
the protoplasm of the old colls being transferred into the new ones as 
they are successively evolved. But under these latter circumstances the 
cells become gradually smaller, and at length cease to multiply, a portion 
of the nitrogenous matter licing wasted in the reproduction until it be- 
comes insiiflicient to carry on Ifhe growth. 

On the other hand, if sufficient iiitrogcmous matter exists, the ft3rmenta- 
tion goes on, accompanied by the production of a more developed form of 
the 7nyctimm, consisting of elongated interwoven filaments (the so-callcd 
Vinetfar^lant ) ; and development of this contiiuu;s, if not interfered 
w'ith, until tJie liquid consists of little else but pure water. The final 
form is the so-called “ mother ” of vinegar, which destroys the acetic 
acid. 

There is nnotlior mode in which the Yeast-plant is multiplied, and that is 
by endogenous .sognieiitation of the ceils, 
l^he protoplasm divides by segimmta- 
tion (fig. into four subdivisions, 

around each of which anew cell-wall is 
secreted, as subsequently explained, 

. This mode of multiplication may 
rt seen by ploctiiig a little yoiust on a 
thin layer of plaster of Paris beneath a 
bell-glass so as to ensure suflicicnt mois- 
ture. After a week or more the new 
colls may be seen >\dth a J object-glass. 

In whichever way the multiplication 
is effected it is clear that t he materials 
for such incretise must be derived from 
without — the plant must feed ; and 
it has been found, experimentally, that it requires .substances to build up 
and renew its protoplasm or nitrogenous constituent, cellulose, or fatty 
materials or carbo-hydrates, mineral matters (sulphur, &c.), and water. It 
is not necessary’ that these substances should be in the food, simply that 
the latter should contain the elements out of which th(3y can be formed 
by the plant. Por experimental purposes Pasteur’s solution * may be 
used : tnis consists of a solution of sugar, furnishing the hydrocarbon, 
ammonium tartrate supplying the requisite nitrogen, potassium phos- 
phate, calcium phosphatt;, and magnosiiun sulphate yielmng the requisite 
mineral ingredients. The broaking-up of these ingredients, and their 


Pig. 587. 



Tho Tcftst-plant (ToruJa); larpe 
form serti at thn bottoru of tn« 
liquid and Mmallor fonn on the 
Riirfiiro of Htiilo bm*r. 


* Pasteur's fluid : — 

rotasniuin phosphate 2() parfa 
Culciuiii pliospimte 2 „ 

Magnesium Huljdiato 2 „ 
Ammonium tartrate 100 „ 

Cane-sugar ir>(X) 

Water 8570 


mm 
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rocombination in tlie plants in the sing^le cell, is a vital” property, one 
nut possessed by dead matter. 

Fermentation. — The succession of phenoinona exhibited is connecte^l 
with a series of chemical changes which art) probably somewhat ns 
follows. The whole of the processes are accompanied by evolution of 
carbonic dioxide. The earlier growth can go on without access of 
oxygen, as is evident from the fermentation proceeding in large vnts 
with a stratum of carbonic acid several feet tnick over the surface of 
the liquid ; the ^uwtli in t)io latter stages takes place most freelv 
with access of air. The original liquid contains gmpe-sugar (glu- 
cose), or dextiine, and nitrogenous matters. If the yeast-cells he kept 
out from this liiiid no fermentation occurs ; but if yeast be added tlie 
protoplasmic matter of the yeast decomposes a portion of the fluid, 
forming cell-membranes. The chemical action set up disturbs the coiii- 
hiuatiou in the rest of the sugar, which loses carbonic dioxide and 
becomes alcohol. Jf the growth of the Fungus continues, tlie alcohol 
becomes decomposed (seemingly by e<mtaci-ttviion again), absorbs oxygen 
from the atmospliere, and becomos acetic acid. 

It is not clear in most cases to what extent the Fungus is nourished 
on the alcohol, or on the .saccharine or dextrinous matters mixed with 
the alcohol. To form cell-membrane from alcohol would require the 
absorption of a large quantity of oxygen, and the formation of much 
acetic acid and water. Thu growth oi‘ the \’inogar-plant in solution of 
sugar, then, would appear to cause simple liberation of water, while the 
contact-action in like manner decomposes tlui sugar into acetic acid. The 
“ mother of vinegar ” finally is developed at the expense of acetic acid, 
with separation of water. 

Tlie processes here briefly described cannot be disregarded when w'e 
inquire into the mode in which plants generally take up their food. 
Not only do the Fungi all feed in this way — ns, for instance, the 
Diy^-rot which lives on the dead substance of timber, or the 

parasites like the I’otato-fungiis, iSrc., which send tlunr myc«)- 

iium into the tissues of living plants to feed upon their juices-— but the 
same laws evidently regulate the nutrition or the colourless parasitrn, 
such as Oro' aiichaceaj (p. litiS), and the Balanophorads aud allied plants 
(p.a54). ^ ^ 

Following out this train of reasoning, we are irresistibly led to 
th(5 conclusion that the satne processes may occur in all plants 
under particular circumstances, although not absolutely necessary 
except at certain stages of growth. 

Germination. — In germination, doubtless the decomposition of 
the store of starch &c., with evolution of carbonic dioxide, during 
the recommencement of cell-development, is a phenomenon essen- 
tially similar to the development of the Yeast -plant. And we 
cannot find any reason to suppose that the roots of plants can 
refuse to take np organic matters existing in a state of solution in 
the sdil. The extent to which growth may be stimulated, without 
access of light, by profuse supplies of organic food, is strikingly 
illustrated by the many succulent vegetables cultivated for the table, 
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such as Sea-kale, Celery, forced early llhubarb, &c. And the 
tissues of the plants thus grown have exactly that weak, succulent 
character which is so striking in most leafless parasitic plants and 
lungi. 

Further applications of these facts will he dwelt on in the succeeding 
Sections. 

Assimilation of Inorganic matter. — By far the most striking 
phcnojiiena of vcgolati\c life are those in wliich inorganic matters 
are assimilated, and the gaseous andiiquid constituents of the 
atmosphere and soil supply the requisilc food. 

If all plants required organic food, the organized substance upon tlio 
globe must continually decienae, since, as we have just seen, tliose which 
d«) live upon organic matter wastt* this through decomposition by coniart- 
action. But the organic matter of soils, U|)()n which plants grow and decay 
in successive crtjps, undergoes continunf increase, as we observe in the 
acciimuhition of vegetable mould on undisturbed grass plains and in forests 
where tlie debris (ihlleii leaves, underwood, &^c.) is not removed. 

Food of Plants. — The majority of plants food upon water, 
carbonic dioxide, aiumojiia, iiitnitcs (and ])erhaps other nitrogenous 
compounds), with small quantities of various other elements, such 
as sulphur, jdiosphorus, and the salts of lime, potash, Ac. Such 
])lants can only flourish under the influence of light; and under 
this influt^nce they produce, from the above materials, new cnlliiloso 
Ac. and protoplasmic matter. 'Fhe assimilation is in such cases, 
as a general rul(‘, ac<5ompanicd by the assumption of a green colour, 
from the formation of chlorophyll. 

Exceptions to the hist assertion appear to exist in the red, olive, and 
other peculiarly coloured Alga*, in wliich no chlorophyll is produced ; 
but wo are iguorunt of the processes which go ou in the vegetation of 
these plants. 

Nutrition in Algas. — Tlie history of the changes wdiich take place 
ill the ccll-coutents of the green Confervoid Algm (figs. 512, 513), 
w hich we are able <o ohsijrvo to a certain extent beneath the micro- 
scope, affords some niat(?rial towards the comprelumsioii of the pro- 
cesses which have their seat in the green parts of the higher plants. 

We observe, in the elongating apical or branching cells of the Confer- 
Toida, that the contents of the nascent parts (as in the upper half of the 
dividing-coil of Qidoijtminm &c.) aro cliiefly composed of ^Ipurless pro- 
toj^asin, with watory cell-s»p. Under the influence OT^ight, green 
chlorophyll-coi’puycles hecuiiio more and more abundant; and, und^r 
favourable circumslances of light ^c. (accompanied by liberation of 
oxygen gas), the chloronhyll-corpuscles soon present starch -granules in 
the interior, which multiply and increase considerably in size. This 
forniation of starch occurs "chiefly after the cell has attained its full 
growth, and may be regarded os a continuation of the process which 
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produced ^the cellulose of the cell-wall, now no longer required for 
the purposes of the iiidi^ddiial cell, the contents of ’which, however, 
proceed with their iissimilstiTe action. After a time the cidl prepares for 
propagation, or reproduction. Then the starch-graiutles disappear, 
apparently bv solution, into dcxtrinous or analogous matter requisite 
for the development of new cell-memhrano, ’wdiicli soon takes ]>lnee, 
either in cell-division (p. 4^>1), or, if the primordial utriclt^ is dis- 
charged from the parent cell in the form of zoospores (p. 451), in the 
formation of tlic colJ-membmnos of these bodies after they have come to 
rest. 

Where resting-spores are to be formed, dilTcrent changes ensue after 
the solution of the accuinulatt'd starch. The new cell, intended to remain 
in a quiescent condition, h<*come8 coated hy a cellulose, nuunbrane, or often 
two distinct concentric coats ; and, at the same time, that portion of the 
conttuits consisting of doxtrinoiis or analogous matter whicn has not. b(*eii 
consumed in forming coll-iiiembrane htjcomes converted mXoJij'cd mV, tlie 
green colour disappears, and lli<3 contents assume a red or brown colour, 
and external stimuli (light, Ac.) produce no influence. When those 
bodies g-crminate (which usually only occurs after they have been dried 
up and ore again placed in watc^r), the chlorophyll graduallv reappears 
and the oil vanishes, and tin? entire eounso is run through again. 

Transfer of Stored Nutriment — Metastasis. — ( Comparing these phenomena 
•wnth what we observe in. the higher plants, we noti(.*e the similarity as re- 
gards the production of chlorophyll in the leaves, followed by the appearance 
of starch-granules, as a formof nutriment. lJut the luiictioiis 

being more localized as the organization is more complicated, the starch 
thus formed is subaequeutlv di8solvc5d, and is carried away to tin* growing 
tissues of the plant, to th(‘i)uds, cambium-region, and roots, wdit‘re it is 
laid up in autumn, very often in tliis same fi>nu, but not iuifr(‘qu<‘ntly in 
llie condition of fix(jd oil, as in the rhizomes of CypiTuSj of Luittrfm 
&c., and, above all, in .structures which, like the rvHtintf-fport^s 
above mentioned, are to remain quiescent while exj)osed to considerable 
diversity of external conditions, namely in seeds, as in the cr)lyledonH of 
Chucifene, Almonds, Nuts, Walnuts, ic., or in the iierisperm of Poppies, 
Euphorhincejo, Jtc. 

The oil (or starch in other cases) stored up in the seeds and rhizomes 
by mHanUms undergoes decomposition ami .solution in germination, to 
supply material for the cell-memDram\s of the nascent plant until the roots 
have become sufficiently developed to provide for it. 

We liavo at present no very satisfactory evidence of the kind here 
brought forward to indicate the mode in \vhich the nitrogonoiis lualters, 
necessary for the formation of new protoplasm, are taken up. 'J'he ques- 
tion of the assimilation of nitrogenous matters will be considered in the 
following ytion, on the Food of Plants. 

Sect. 3. Food of Plants. 

Constituents of Plants. — The iirst step in the investigation o£ 
this subject is to ascertain what substances enter into the compo- 
sition of vegetable structures aud juices. 
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Analyses of plants by chomical means, and in some instances by 
the spectrum, have demonstrated the existence of the following che- 
mical elements in plants: — Oxygen (CJ), Hydrogen (H), Carbon 
(C), Nitrogen (N), C-hJorine (Cl), Bromine (Br), Iodine (I), b'luorine 
(F), Sulphur (S), Phosphorus (P), Silicon (Si), Potassium (K), 
Sodium (Na), Calcium (Ca), Magnesium (Mg), Aluminium (Al), 
Manganium (Mn), Iron (Fe), Zitic (Zn), Copper (Cu), Lead (Pb), 
Titanium (Ti), Arsenic (As), Lithium (Li), Itiibidium (Bb), Ciesiiim 
(Cto), Strontium (Sr), and Barium (Ba).^ 

All of these, however, do not exist in every vegetable substance; tJio 
first four are universally present, while u perfectly healthy condition can- 
not be assured unless sul])hnr, potassium, calcium, magn(!sium, iron, and 
phosphorus are also present ut some time or other. Some of these substances 
are dissipated by burning, others remain after burning and constitute the 
mil ; such are the earthy alkalies and metallic substances. The propor- 
tion of ash iugredieiils is about .‘Ml per cent, of dry matter, i, e. matters 
dried till they cease to lose weight at a temperature of 100° C. 

Proportionate Quantities of the Constituents.- -These elements 
are not taken up by plants iji a simple form ; and none of them 
exist as such in vegetable substances. The compounds of the 
different elements differ much in the proportion iu which they 
exist. Water (110 or H,/)) may form 90 to 95 per cent. Of the 
dry substance, compounds of carbon, hydrogen, and oxygen (CJ, 11, 
O) may form GO per cent. ; the carbon furnishing about 50 per 
cent., the oxygen about B3 per cent., the hydrogen about 5 per 
cent., the nitrogen .^-4 per cent. ; the alkalies, earths, and metallic 
oxides commonly form 1 to 4 per cent., iu rare cases os much as 
20 per cent. 

Tho great mass of all plants is composed of the first foiur elements in 
fho list — the solid parts of compounds of carbon, hydrogen, and oxygen ; 
the protoplasmic cell-conteuts of compounds of these tlu*eo elements, 
with tlie addition of nitrogen. Biilpliiir and phosphorus appear to be 
necessary constituents also in the protoplasmic compounds; the alkalies 
and eartlis are, in most cases, reqjuisitt^ in the processes of elaboration, 
but may, iu many cases, be substituted for one another, and perhaps in 
certain cases may be replaced by ammonia. Potash is an indispeiisablo 
element in plant-growth — its presence being essential in the formation of 
starch from chlorophyll. Chlorine is necessary in many plants : iodine 
and bromine are also met with, particularly in marine pla^: but it is 
not clear whether their presence is necessary, or merely flkneyitablH 
result '^of the absorption of sea-water. Iron and manganese are mot with 
very commonly, iron being essential to the formation of chlorophyll, and 
therefore of tho utmost consequence to plant-growth ; copper and zinc 
more rarely ; silica abounds in certain Orders (Grasses, lilquisetacen), and 
is met with in many plants in smaller propordons. The most necessary 
ingi*edients for the (lue nutrition of the plant are, in various proportions 



FOOD OF PLANTS. 


557 


accordiDg to circumstances, a nitrate or an ammonia salt, a salt of potash, 
soda, lime, magnesia, and iron, while lime is necessary in the fomiation 
of the cell-wnll. Those siibstty^oes appear to act as ferments ; for instance, 
lime is stated to effect the con version of cane-sugar into cellulose, and 
to be influential in the transport of starchy raaterials in a soluble form. 

Sources of Nutriment. — We have stated that (green) plants in 
general acquire th(;ir nitrogenous food by their roots (from the 
nitrates of the soil), and their carbonaceous food by their leaves. 
The sources of the food are therefore the soil and atinos])h('re in 
which plants grow ; and the inquiry presents itself at once as to the 
form in which the food is supi)lied to and taken up by plants. 

How Plants get their Food. — On tho one hand, we know that 
plants can absorb subslaiict‘H only in a liquid or gaseous fonn ; on 
the other, we know that both the atmosphere and the soil contain 
carbonic dioxide, water, and various nitrogenous compounds 
soluble in the latter. The alkalies, earths, (fcc. exist ojily in the soil, 
:ind in more or less abuiidanee and in more or less soluble forms 
in dilferent cases. 

Observation teaches us that the simph^ plants, such as tho 
Piilmellea), Liidiens, many Mosses, <fcc., (;aii grow upon bare rocks 
or stones, and obtain their carbon, hydrogen, oxygen, and nitrogen 
from the atmosphere alone ; and experiment shows that these are 
supplied in the form of carbonic dioxide, water, and ammonia; the 
substratum here suppluis only the small pro])orti()n of mineral 
substance that is required. jVloreover it is possible to grow a 
])lant to maturity, and even to make it ripen its seed, in distilled 
water containing in solution only the ash-(;lementH of aquatic 
plants, such as Coiilervas, Ac. Similar growth may be obtained 
by growing a plant in a watery solution of lluj necessary mineral 
ingredients of the phuits, together with a nitrate or an ammonia 
salt, the excess of carbon in these cases being derived from the air. 
?^umcrou8 and important results have bcHiii obtained by growing 
plants in experimental solutions of this kind — water culture ; and 
by their aid, as well as by flcld frials, it has Ixscome possible to 
compound artificial manures adapted to the requirements of parti- 
cular plants. 

Further, it is observed that, if a vegetation of this kind goes 
on undisturhed for a lengthened period, the decay of successive 
generatioiwR plants leads to the accumulation of organic substance, 
in vegetable mould, the material of which has been derived from 
the atmosphere by the plants, but has not been consumed, i. e. 
decomposed into its original forms of carbonic dioxide Ac., by them 
and their successors. 

From these facts it has been concluded, in the first place, and 
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truly, that j^reou pUinis have the power of footling upon inorganic 
substances, and fixing them in definite organic compounds : 
secondly, but with less justice, that this is the universal law of 
vegetable nutrition — that plants live exclusively on inorganic siib- 
srances, which they convert into organic matters iinfit for their 
own use, and only assimilable after a new decomposition. In 
regard to certain plants this last assertion is altogether inadmis- 
sible, namely the J^'ungi, the so-called insectivorous plants such as 
Droaera, Sic. (in which animal suhstancijs aro dissoMul, absorbed, 
and appropriahid by the action of a fenhent), and, above all, the 
colourless ])iirasites ; and not only is it contradicted by tlio phe- 
nomena of th(*ir life, but it is opposed f o the imivi^rsal experience 
derived from observation of the cultivation of plants. Lastly, we 
know of i\() cause why plants should refitae to absorb organic 
substances presented to them in a state of solution favourable to 
ondosmolio action in the roots. 

It is very true tliat many even of the higher plants will grow upon soil 
filniost destitute of organic matters, as we see on sandy lioaths &c. ; but 
the kind of vegetation whudi cliaracterivuis such soils is very different 
from that which cloth(?s land covered with vt*jretable mould. And the 
influence of manures in agriculture must be attributed in a great measure 
to the extonvsive aid afforded to the plant in tlie shape of additional suj)- 
plies of organi(t matters, which hear a kind of compound interest, since 
th(i increased growth they produce gives increased power of independent 
assimilative action. 

Sponfaneous vegetation is nourished pidncipally by carbonic 
dioxide and ammonia always existing in siitliciont proportions in 
the atmosphere. The fornicr substance is taken up by the leaves, 
and the latt«'r is also absorbed by the acTial organs of plants ; but 
the principal supply to the higher plants se(*ms to be furnished 
through the soil, which receives ammonia dissolved in rain and 
dew, and, where porous, absorbs it greedily. JSoil, and especially 
the carbonaceous portions, has also the power of absorbing 
ammonia from tlu^ atmosphere. 

Plants growing upon soil abounding in decaying vegetable and 
animal matters are doubtless supplied with part of their food from 
these sources. Ammonia is a constant product of decomposition 
of animal substance, carbonic dioxide of this and vegetable matter. 
But from the researches of Mulder it would app^; probable 
thfffc the old vegetable matters may pass into the Wing plants 
without undergoing decoin posif ion into carbonic dioxide and water. 
The black decaying matter of vegetable origin, called humus., is 
decomposed in the soil into a series of organic acids, of which 
the last members possess much affinity for ammonia, and form both 
with it and the alkalies soluble salts, which may be absorbed as 
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such by tho roots. In favour of such a view is the fact that 
carbonate of ammonia, or ammonic carbonate (decomposable by 
cron ic and apocreiiic acids), appears in many cases linrlful when 
applied directly to the rool s of plants. In addition to the ten- 
dency of these organic acids to attract ammonia, they seem to be 
capable even of (‘ausing its production in the soil, siiiiio in the 
progressive oxidation of humus taking place at tlie (expense of 
water (TI/)), Ihe hydrogen of the latter possibly combines in 
its nascent state willi tho nitrogen of tho atmosphere to form 
ammonia. * 

Tt has been common in recent works to find the value of humous or 
carbonaceous matters in the soil estimated very low; they have heeji 
resided either as merely improving the (physically) absorbent jwwer of 
soil, or ns sources of carbonic dioxide, already sulliciently provided by 
the atmosphere, lint the above observations, borne out by the experi- 
ments in Turnip-growing by l^awes and Clilhert, are in favour of a higlun* 
estimate of the value of d(‘caving carbonaceous matli‘rs, ainl of rt'gaidiiig 
them as important constitiUMits of farmyard manures for certain purposes, 
liawes and (lilbort found thal stiniidatiiig iiitiogenous manures in excess 
wore rather detrimental to the growth of turnips, h^af-forinatiou going 
on at the expense of the roots j hut this was eoimtoracted in a gi’oat 
measure by supplying, with tho nitrogenous maiuin)S, carbonaceous sub- 
stances in considerable proportion. ( ’ore n winder, liowever, states that 
the roots exhale carbonic; dioxido and do not absorb it exci‘pt in very 
minute quantities. 

Sources of Nitrogen. — Tt was onco supposc'd that there was a 
power iu living plants to fix free nitrugen from atinosphoric air ; 
but this is conclusively negatived by the experimemts of llous- 
singault, Lawes and (Gilbert, Ihigh, and others. That ammonia 
is not absolutely necessary for the food of plants is indicated by 
the effect of nitrates as manures, rivalling that of salts of ammonia. 
Moreover it has been stated that ozone (a p<»culiar condition of 
oxygen) converts ammonia into nitrous acid ; and there is reason 
to suppose that the ozone condition of oxygen is produced iu 
certain cases in the liberation of that element by plants. vSchlosing 
states that the ammonia supplied to the soil becomes (if liglit Ijo 
excluded) converted in the soil into nitrates by the agency of a 
vegetable organism acting as a ferment. 

The amount of nitrogen supplied to the soil by rain is insufliciont 
to account for the amount found in plants; but this quantity is sup- 
plemented by the direct absorption or ammonia by the leaves, as well 
as from tho soil. Dehdrain suppo.^s that decaying vegetable matter 
has the powt;r of producing ammonia from the free nitrogen of tho air; 
but bis experiments have not been confirmed. Schldsiug confinns the 
experiments of Sachs and Meyer as to the absorption by tho leaves, 
and also by the soil, of gaseous ammonia, and corroborates the statements 
that the free nitrogen of the air is not available for plants except to the 
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sluall extent in which, by thunder-stonns and electrical disturbances, it 
is converted into nitrous acid, which latter becoming oxidized, becomes 
curried down to the soil as aiiimonic nitrate. 

A large proportion of nitmttj is lost by drainage, and ultimately finds 
its way into the sea, where it serves to nourish the marine plants, 
which in their turn food the animals. These latter, in decaying, yield 
ammonia, the excess of which is volatilized into the air, which is ‘thus 
continually supplied with ammonia, and diffused over the surface of 
tlie globe. A(!cording to Schldsing, the ocean is the great source of coni- 
hiued nitrogmi, aniinonia forming the moans by wliich it is convoyed to 
every part of the globe, 8U])plving the requirements of the vegetable 
world, llorthidot considers thai the nitrogen may be acquired from the 
atmosphere by electric action. 

Carnivorous Plants. — One occasional source of nitrogen remains to 
he spoken of, for though, according to our present knowledge, exceptional, 
it seems probable that it is more general than it is at present proved to be. 
For many years it had been known that some plants, such as Pitcher- 
plants ( Ni‘pvnfhfn)y Sun-dew {Drmera), Vimus Fly-trap {Dioncra)^ acted 
JUS fiy-traps, retaining insects which alighted on them, but it was hardly 
supposed tliai these insects contributed to the nutrition of the plant. 
The exporimonts of Hooker, Darwin, Tait, Vines, and others have, how- 
ever, eoncliisivelv shown that insects and various animal matters arc : — 
1, retained by viscid exudation, or, as in Drost^ru and Dionaay by move- 
ineuts of the lejif-lobos analogous to acts of prehen.sion in animals ; '2, 
dissolved ; .‘1, absorbed ; and 4, appropriated to the reqiiircmonts of the 
plant. The shape of the Pitcher-plants 
(XvfumtheSy Sovravenia, &c.) is evi- 
dently adapted to retain ins<‘cts wdiich 
iiijiy be attracted on or fall into tlumi 
by accijbmt ; and their confonnalioii is 
.•^ueh as to prevent their exit, while tlieir 
intimate structure is such as to facili- 
tate dissolution and ab.s(»rptioii. The 
lobes of the leaf of Droat'ra kc. are 
endued with sensitivtmess, so that when 
an in.sect, or a piece of meat or albu- 
men, and, still more, a fragment of 
ammonia salt, comes in contact with the 
leaf, the lobes in question instantly 
begin to fold over and imprison th<? 
intruding substance (fig. o8H), which 
gradually di.sjippears, some or the whole 
of it being absorbed — a process at- 
tended by retraction of the protoplasm 
from the walls of the cell in the shape 
of a ball (see fig. 590). It was further 
shown by KioM nnd Wills that the rwofi)«««,..howini,th.Ki«naMiar 
solution of these nitrogenous matters hairs on on^ half infolded over an inBcnt. 
is dependent on the presence of a substance which acts like a ferment, 
and in the absence of which digestion does not take place. Gorup, 
Posonez, and Vines have shown that this ferment closely resembles that 
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of the peptic glands of animals, and is only eflicient when associated 
with an acid ; so that the solution of nitrogenous matters by tlie leaves, 
pitchers, and other organs of certain plants is now shown to be a true 
digestive process, resembling in every particular the corresponding pro- 
cess in the intestinal canal of animals. 

Ammonia salts have also been found tc) he rapidly absorbed, and to 
excite the sensitiveness of the plants to an extraordinary extent : still the 
actual benefit to the plant seemed doubtful ; for to ordinary observation 
these so-called carnivorous plants appear to thrive quite ns well without 

Fig. /580. 


Fig. /ISO. CVUh of pctnl of IleUetwruK prior to application of meat. 

Fig. r»00. Ccllfl uf )M‘tal9 of JUUfbwruH ui’ter thi- iippliwition of meat. 

ns with nitrogenous diet. To settle this point, Mr. Francis Darwin 
experiiiient(‘d on a large number of plants of Drosem grown under like 
comlitious, half of them fed, the other not receiving artilicinl supplies. 
Tlie general result, given in the following Table, .hIiows the great benefit 
derived by the fed plants, especially in the Ibriiiiition of seeds : — 

ItvmltA nf E.riH*rinivnts on J)i*osora. 

Unfed. Fed. 

Total weight of plants, excluding flower-stems, . . . 100 1*22 

^\ital number of flower-stums ](K) lOo 

Sum of heights of flower- wtems 100 lOO 

^I'otal w^eiglit of flow'^er-stenis KK) 

Total number of cap.sules 100 11*4 

Average umubor of seeds per capsule 100 1:?**5 

Total w'e^ht of 8ecd.H 1(X) 24r2 

Total n^W of seijds 100 o80 

Sources of Mineral Pood. — For their min(‘nil food, plants are 
of course chiefly dependent on the soil in which they grow. The 
gradual decomposition of rocks funiishes the earthy and alkaline 
constituents, whiqh must vary on different formations or according 
to diluvial actions. Marine plants naturally accumulate many of 
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the m inoral olemenfs of soa-wator ; and plants pjrowing near tho 
soa derive a certain Jinionnt of Iho salts of soa-wator from the 
atmosphere, broujj;ht hy the winds; th4» salt spray is shown to b(' 
carried p;rca1 distances by its bein^ ininrions and destructive to 
many kinds of plants growing exposed to soa-winds. 

Sect. 4. AiJSoiiPTTON. 

Since the lower jdants (^onsisf. of closotl cells, in the interior of 
which their vitalized substance ri‘sid(\s. and tli(» incniibrane of their 
cells, so fai* as our inv('stigations cau reach, is, in g('neral, desti- 
tut(‘ of orilices, tlio food of t]i(‘se plants can o?ily be taken up in 
a liquid or gaseous eonditJon by the still mysterious process of 
imbibition. 

lu plants of more conqdex orgnnlzntinn, although loose pnrciichyinntous 
tissues exist, mid iho intersf)nct‘H hoconie concerned in at least mrrtiov, 
till* external surface of the ])lant, by Avhicdi food must pcnetrite, is care- 
fully guarded hy a coiiliiiuous epidorniis, entirely devoid of orifiees in the 
roois, the principal absorbing organs ; and though ]MTforftted bv stonmlal 
orifices in the leaves mid other ai*rial organs, these are earetully guarded 
by special contrivances to prevent the entrance of solid matter, and in all 
cases lead merely to mtercelUdar passages, external to the membranes of 
the vegetable ci'lls. 

Absorption in Cellular Plants. — In the b'lingi and Algre ab- 
sorption appears to talo' ])l}ico freely at all points of the thallus to 
which gases and liquids ha\e access. 1'h(‘ struetiire of Mosses, 
Hepaticic, and tlit' smaller members of the higher groups of Cryp- 
togams arc likewise so siin]>ly cellular that they appear to be little 
dependent on root-structures. 

Absorption in Vascular Plants. — Fn the higher Cr\^togamia 
and the Phanerogamia the absoqition of liquids appears to be 
confined to the roots and the root-h.airs, the epidermis of the 
leaves &c. being in general so org.aiiiz(Hl as to oppose the emtrance 
of water, while- the .stomata) cells wdiich guard its orifices, swelling 
up BO as to cIos(» the slit between them w’hen filled with fluid, 
concur to prevent the absorption of wmter or other liquid. Gases, 
however, penetrate, fri^dy through most ccll-inembraiies, and hence 
may be absorbed by 1 (\*ia es, and can pass freely through the stomata 
into the iiitercolluiar passages. 

Oamosla. — The physical plienqmena of dijfitMon and oumrm are the most 
important agents in the nequisition, by the cell-contents, of material from 
"without. Those phenomena depend, first, on adhesion of the liquid to 
the solid, and then on any cii'cuinstances which cause movements in the 
molecules of the liquid, such as the attraction one for the other of two 
fluids of different natures mid densitioB. 

We may say, in general tonus, that when two liquids of diflferent den- 
sities (the one “tW/wWo/,’’ or litth? diffusible, the other ** cryMalloidj^' or 
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greatly diffusible ) are separa^Mi by a iiieiiibrane or other porous pubstaiiee, 
the denser liquid becoiruis increased in bulk by the passage of the thinner 
liquid into it through tlie nieinbraiie. This rule is indeed subject to 
Tiiodilieations, dependent upon other qualities besides density of the 
liquids, such as their inoleculnr relations to the substance of the separating 
njenibrane, the molecular nature of the mem brant‘ itself, &c., since, of two 
different liquids, tliat which is more readily imbibed by the meinbraue 
passes through in a preponderating current. 

When we jjlaco simple vegetable cells with flexible cell-meinbranes, 
such as many polbm-grains. yeast-globules, &c., in wattu-, their dense 
c(dl-eontents * absorb water ^aud the cell-wall expands, sometimes even 
bursts. On the other hand, placed in strong solutions of sugjir or gum, 
such cells will lose part of their contents and sliriiik. Jiut these simple 
experimnnfs an^ not siilficient to indicate wliat takes phice in the cells of 
tissues filled with living protoplasmic matters ; for verv frequently, when 
we place such cells in liquids dilTering in density from tbeir contents, there 
ensue sueci'ssive clianges of condition, which must also be involved in 
many natural processes. Thus if we place in water a fragnumt of ccdlular 
tissue fr<un tin* region where pollen-grains are being developed in the 
anther, or spores in sporanges, water is absorbed tlirougli the eelliiloso 
coat, but tlie primordial utricle contracts; but when tJie water pene- 
trates the latter, it swells again and sometimes expands b(‘yund its 
original Aoliime, bursting, the cell-membrane when this is weak. 

'J’lie presence of a imunbranoiis or porous stq)tum is not essential to 
such a process of filtration and admixture as above doscribc‘d. Two liquids 
of different densities placed in contact will gradually mix by the attrac- 
tive force that the one exerts on the other. This liquid diffusitm depends 
materially in amount on the uatiu*e of the liquids — colloid or crysttilloid, 
as the case may be. 

Selecting power. — The recognition of emloatnoKe as fdie (‘auso of 
the absorption of liquids by the young mots and root-hairs ulTords 
some e\]>lanation of tduj app«T.reiJtly contradictory phenomena which 
have been described by tliose who have cx])erin)eiited witli a view 
to ascertsdn whether plant s have any seltctlmi poiver, Jt has been 
shown that there exist some very complex circumstances of purely 
physical nature in endosinotic processes, and that simpht density of 
liquids is by no means the only important point — alkaline, acid, or 
neutral conditions of mineral salts causing s|}ecial peculiariti(^s, 
dependent on chemical and niolo<*ular relations to the membrane or 
porous inteiqiosed substance, and in other cases on chemical actions 
taking place on one or the other side of the membrane. One of 
the most interesting and suggestiye ex])eriineiits bearing on this 
subject is that of Knop, who shows that the more chlorine absorbed 
by a plant the less lime is taken up. 

Some writers assert that the roots of plants absorb all substances iri- 
diderent^y ; and the experiments ofVoget and others appear to bear this 
out. But, not to mention that the ashes of different plants grown in the 
same soil nave diilerent composition, Tiinchinetti has shown that different 
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Balts are absorbed in different proportions from mixed solutions ; and in 
I)e iSaussure's experiments liviiifi^ roots absorbed differently from diseased 
or dead ones, similar inferences may be drawn from the effects of 
manures: thus Cereals ai’e specially benefited by nitrogenous manures^ 
Leguminous plants by iniueral manures ; and yet the ash-analysis of the 
former sliows that tliey couttiin a leas percentage of nitrogonous matters 
than do the Leguminoste. Wheat crops and grasses generally, according 
to the experiments of Lawes and Gilbert, supply themselves with dilli- 
culty witli nitrogen, while Clover and other Leguminosflo take it up 
freely. * 

Such phenomena as these, however, may be explicable on purely phy- 
sical principles. It has been proved tliat different chemical salts exmbit 
unlike quantitative phononieua in passing through dead endosmotic sub- 
stances ; and thus even from mixed fluids one salt might pass more readily 
into a cell than another; and, still more, the immediate decomposition t»f 
one salt alone, inside the membrane, while the other was not affected, 
which might take place in a living cell, would greatly affect the endos- 
mose, since the cell-contciits would soon Iwj saturated with tlie latter, 
while the other would not accumulate. According to Knop, the roots 
will absorb from solutions of nutritive sails an amount ]»roportionate to 
the degree of concentration of the solution : thus the stronger the solu- 
tion the more dilute tht< liquid absorla^d by tlie root ; on the other hand, 
if the solution be leas concentrated, tlie root will take up a relatively larger 
quantity of water than of the salt. In r(»gard to l)e Sauasure’s experi- 
ments (which are borne out by what we see beneath the microscope wlien 
wo apply reagents, such as iodine, to healthy or decaying lissuos), then* is 
no necessity to have recourse to a vital agency of stdection, since the 
chemical activity of the cell-contents, quit** dilleront in a living and in a 
dciad organism,' might account for all the diversities, oven if the difference 
could not be explained by a pliysicul difli;rcnre of tvrmun in the living 
(!ell-membraiio and tliat of a dead organ, in which a process of decay im- 
mediately commences if it is exposed fo the action of water. 

It has recently been show’n tnat porous vessels placed in mixed boIu- 
tions select, just os plants do under similar circumstances; and those 
solutions which pass moat freely through the walls of cells ai-e those which 
always pass most freely through the sides of the porous vessels. Those, 
cases" ill which the same airioimt of any given subst ance is capable of being 
absorbed by plants which have nevertheless different chemical composi- 
tion, may also he explained by the diflbreiit osmotic powers possessed by 
the cells of different plaiita.^ Thus, supposing the root-cells of a Cereal 
plant and those of a LeguminouH plant to take up the same amount of 
silica from the soil, the quantity of that ingredient would speedily be 
found to be greater in the Cereal tlum in the Leguminous plant, because 
the cells of the former can appropriate silica, and by osmosis store it up 
in fte epidermal tissues, while the colls of the latter, having different 
osmotic relations to silica, soon become saturated and can take up no 
more. On the same principle we see cells in juxtaposition containing 
very different ingredients, which yet do not mix because the conditions 
for endosmosis are in some way or other not favourable. 

InUtience of Evapopotlon. — Scblcising says that the power of absorbing 
mineral ingredients from the soil is diminished by Umitiug the process 
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of evaporation, as when plants ore p^rown under a bell-pflass. llauwen- 
hoffnlao statfJwS that absorption exceeds transpiration in amount in propor- 
tion as tlie pressure is greater, and where the latter is slight evaporation 
is in excess. 

Root-action. — It has been shown that absorption of fluids takes 
place near the extremities of the finest rootlets above the inert root- 
cap, and by means of the root-hairs. But the water in the. soil is 
often nearly pure water, or, at least, contains little admixture of 
jriineral matter, though more or less impregnated with gases. 
Again, many of the ingredients of the soil, such as silica for in- 
stance, are insoluble in pure water. How then do these substances 
gain access, as we know they do, to the intt^rior of the plant? They 
must be derived from witliout and in a liquid form. The explana- 
tion now given is, that the minute rootlets and root-hairs insinuate 
themselves between the particles of soil, absorb the water there 
situated with its minute projK)rtion of dissolved nnneral matter. 
Further, those root-liairs come into close contact with the minute 
particles of soil, and, by virtue of some processes of excretion not 
yet thoroughly examined, they excrete a siibslaiice, gaseous or liquid, 
which effects the solution of the minenil substance in the particle 
of soil. An exhalatiort of carbonic dioxide from the roots, con- 
joined with the water in the soil, would effect the solution of lime, 
for instance. In fhis way the furrows and impressions on the sur- 
face of marble made by roots is ex[)lained. The opinion that root 
excretions exist, at one time denied, may thus be correct; but as 
they appear fo bo only excreted when required, and are used up in 
the process of soliitioji, their presence in the soil is not manifested 
any more than tliat of the gastric juice in an empty stomach. 

Absorption by Leaves. — The leaves and other green parts of the 
higher plants do not appear, as a rule, to absorb liquids all the 
time the roots arc in action, but if root-absorption bo insufficient 
‘tlien absorption by the leaves takes place. The good effect of 
svringing plants in hothouses seems rather to depeud on the check 
given to undue evaporat ion than to absorption, the structure of the 
epidermis being generally unfavourable for that process. Whether 
leaves absorb even watery vapour to any great extent is question- 
able ; but it is certain that they absorb gases, including ammonia, 
though, under ordinary circumstances, only in very small quantities 
(Mayer), and that a very large proportion of the carbon which is 
consumed by green plants is taken into the system, in the form of 
carbonic dioxide gas, by the loaves and green shoots. 

The entrance of gases into the cells is attributable, through their 
solubility in water, to endosmotic action ; while the laws of diffusion 
of gases provide for their entrance into the intercellular passages, 
which brings them into contact with the deeper-seated cells. 
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Sect. 5. Dtfpusiox of Fjhttds in Plants. 

Diffusion in Aquatic and Cellular Plants. — Tn aquatic plants 
thu entire HU rt’aco is einploved in absoiqdion ; and the liberation 
of gases in the respiratory or other proeesses being accoinimnit^d 
by condensation of the ccll-conbnits, endosmotic action is kept up 
constantly during active vegetation. 

In the (Vlliilar plants, su«*h as Liclunis, Fungi, and even in 
Mosses aiid He])ati(ve, the diffusion of the fluids would appc'ar to 
he a result of simple eiiidosmotic action <‘ontiinied from cell to c(dl 
in more or h*.ss complex 8(»rjes ; and in plants growing in air, 
evaporation of gas(*s increnses tb(‘. density of the contents of the 
last or u])perniost cells of the chain. 

Diffusion in Vascular Plants. — In plants with well-de\'eloped 
stems and roots, llie liquid niitrimont is a))sorbod by the latter, 
and the moveineiits which the absorbed fluids have to make are 
much more complex, not only from the greater variety of forms of 
tissue through whicli they have to pass, but from the multipli(*d 
details of the interchanges with ('Juborated matters arising from 
the scattered distribution of the leaves over the axis. 

Ascent of the Sap. — As so large a quantity of water is absorbed 
by the roots from below, it is (‘lear that the dlirusion of that fluid 
(or as it is now calked) must in tlie first iiistarico be in an 
upward direction; hcnco the pliraso (Ufvmt of the sap, I'he main 
current of the watery sap, is u]) wards from tlie root, through the 
stem and branches, to the leases, \\h(*rein, owing to the changes 
it there undergoes and which will be hereafter alluded to, its cha- 
racter becomes altered and the din'ction of its current is varied 
according to the requirements of different parts of the plant, &c. 

The term sap is retained for convenience’ sakcj ; but it must be remem- 
bered that there is no homogeneous fluid, either ascending or descending, 
crude or ehihorated, of similar constitiition in all parts of the plant, cor- 
responding to the blood of animals. The sap varies in consliiiition in 
different parts of the same pliint at the same time. In like manner there 
is no continuous system of tubes in which sap could “circulate.’' In 
spring, when vegetation is most active, or, nt other times, when special 
circumstances favour growth in particular places, a current of watery sap, 
contnining relatively little of the matters formed in consequence of leaf- 
action, is specially manifest ; and as th(^ endA of the shoots and buds are at 
this period centres of activity, so the flow is inninly an upward one. In 
autumn, when consolidation of tissues and storage of nutritive matters are 
the chief operations of the plant, there is an increased necessity for the 
presence of matters formed m consequence of leaf-action, and the flow is 
to a large extent a downward one. But there is no absolute difference 
between crude and elaborated saps, and no abaolutoly fixed course for 
them to take. The ascending sap, so called, which is so manifest in 
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spring, consists principally of water pumped up from the roots to supply 
tlio requirements of tlio gi’owiug cells, aud the tjxcess of it is evaporated 
wluiu th (3 leaves expand ; hut though mainly wateiy, it contains some 
iiiinlu'al muttc'rs, mid also some ingredients which must be derived from 
the action of the leaives of the preceding season. 

The upward direction of the ivatrn/ tlierefore, and still more tlio 
downward current of the elahtratml must be understood in a general 
sense as indicating the jirevailing direction of tlie currents. A more 
strictly correct expression would be to say that the sap, including all the 
liquid nutritive juices of tlic plant, moves in the direction in which cir- 
cnmstaTj(‘i‘s are most favounUtle to it-s tiow, and to those spots wdiero tlie 
sap is most needed lor the nutritive jirocesses of tlie plant, or for purposes 
of storage, as will be more fully explained in succeeding ])arKgriipli8. 

Causes of Ascent.- The (‘atises producing the ascent of the sap 
arc manifold. They vary not only m their nat ure, but, at dilTereiit 
tiin(*s, ill differeiil parts of the same plant, and under varying eir- 
ciimstaneos. 1Miey act also separatidy or in (lonjunct ion. AVe will 
first of all ullud<; to tlie inducing causes separately, and then indi- 
cate how, when, and wlu^re they act. Euduamotir. ndioa consequent 
on the absorption of lliiiils by the root is on all hands admitted to 
play the principal sliare in the ditfusiou of Jliiids thronghont tlui 
plant. Vaj^tiUanj actuHt and I ndnlntion facilitate the upward pas- 
sage in or bet/Weeii the tibro-vascular tissues, Presmre., whetluH* 
exerted by tlic tension of lliti ccli-walls upon their contents, and 
itself consequent on eiidosmosis, or as the rc‘sult of increased tem- 
perature, wiiich (jxpaiids the air in the stem, forci*s the fluids to 
move in the direction of least resislanct*. 'Wi}. osviWitiuns [>roduci.*d 
by the swaying of the branches, i>etioJcs, &c, by tin; wind also 
occasion iutcrmlitent jtressare^ to which Mr. ilcThert Sjieiicer 
attributes an upward thrust of the sap towards the point of h^ast 
obstruction. 

The profuse tvaiioraimn or tramftlraiion of watery vapour from 
the leaves is a powerful agent in producing an upward flow of iluid 
to replace that which is lost in the manner indicated. J'he ejctra- 
vamtbii or exudation of sap consequent on the mechanical strains 
effected by the wind also give rise to a current of sap from below. 
Chemical actions, siudi as the t rausioriuation uf starch into sugar 
&c., necessitate a supply of water and create osmotic cuiTents of 
that iluid. 

Force of upward current.— The roots take an imjiortont share in pro- 
moting the upwiiixl flow of the spring sap. If, in spring, w'e notice the 
surface of stumps of timber-trees which have been sawm off in the pre- 
ceding autumn, we tind the cut surfaces wet with abundant exudation 
from the outer layers of the wood ; and experiments made upon the cut 
ends of branches, by If ales and others, show that the sap rises in them 
with very considerablt force — in the case of the Vine, supporting a column 
of mercury 2G inches iii height. Clarke's more recent researches indicate 
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a fltill ^ater fow, as, in <>ii« caso, in a Vino he found the force of ascent 
sufficient to baliiiio' a column of water 4 8-o0 feet inlieigrht. The quantity 
obtained from a liircli tree 75 fotjt high, from November to Alay, was 
1480 lb., in one day 0:l lb. being collected. The force and amount are 
Riibjoct to diurnal variations. It is evident tliat the spring current, at 
least, is partly owing to abaoiqition by the roots, in tin' cells of which 
deconipo.siti()n and solution of starch are effected, and which must in con- 
sequence absorb water greedily ; the fiugorgement of the tissues may cause 
the liquids to Im* forced into and upwai*ds along the couiw of the vesstds 
and ducts. 

In woody stems osmose also comes into play in conjunction with capil- 
lary action and pressure dependent on the various caiis(*s Ix'fore named. 
Vre.ssure resulting from increased temperature is illustrated by the cir- 
cuiustance that tlie flow of sap in tlie trunks of fives is greatest during the 
daytime, when the trunk absorbs the sun*sheat by its rough surface, and 
h'list at night, wlnm the tree is cooled by radiation. In tlie heaves llic 
transpiration and the* movements effected by the wind afford the main 
causes for the rush of sap. In the expanding leaf-buds, and in all por- 
tions of the plant where vegetation is going on activelj^ and where in con- 
sequellc^^ large quantities of nutriment are r(*quired, the cliemical trans- 
formation of the cell-c<inteiits, wdiich renders them availahle for nutri- 
tive purpose's, ru!e('Ssitales a large quantity of watcT ; and in coiiaoqut'iice 
nil endoHinotic current is produced. This cliemical action dex's not neces- 
sarily occur at the very point when' growth is most aetive, generally, iii- 
d(.*ed, elsewhere, in wdi'at may hti t«'imed tlie at<urc»-cells, so that a current 
is determined fr<jm the store-cells to the growing points. 

The transft'rs just alluded to may be compart'd to a row of firemen 
handing on pails tif water, in the absence of a Aosc or continuous pipe, 
siitrli as is reprt'sented by the blood- vosstds of an animal. 

The ifprinff accent of sap in Dicotyledons is partly to be accounted for 
by the solution of starch, or the decomposition of fixed oil &c,, in the buds 
and cambium-region, as above mentioned (just as ociuirs in the root or in 
R seed beginning to germinate). Diit, as has been observed by Von Mohl, 
the inspissated juices thus formed do not lie in the sap-wood wherein the 
ascending current flows, but in the cnmbiuui-lnyei*s, where tlie elaborated 
sap descends; and it is not. clear wdiy the oscmiding fluid, if moved by 
endosmose alone, does not pass out laterally into the cambium as soon as 
it renfihes the stem. Tliat the bud.s, however, do exert this attractive 
force is seen by the influence of the heat of a greenlioiise in causing the 
flow of sap in a Vine wliich is planted wdth its roots outside tho house, 
and its stem brought inside and trained there. 

Transpiration. — In the leaves (and green portions of plants 
generally) tho very important phenomena of evaporation or trans- 
piration of watery vapours occurs, and constitutes probably the 
most important a^nt of all in causing the supply and diffusion of 
food in plants. It has been stated above that plants absorb their 
liquid food by their roots ; therefore, under equal external condi- 
tions, a plant should receive the nutrient matters derived from its 
liquid food in the ratio of the quantity of water passing through 
its tissues and evaporated from its leaves &c., since the water 
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passes off almost as pure vapour, and, at all events, leaves its 
mineral constituents behind. The amount of evaporation is rt'- 
markably gri?at, and accounts in some degree for the sustenance of 
plants by such extremely dilute solutions of their nutrient matters 
as they find in the soil. ^ 

Amount of Transpiration. — The expeiinients of Lawes and Ciilhert 
give the following average daily loss of water in grains in the nionths 
indicated, in pots of unmauiired soil, the fii*st line from Wheat ^ the 
second from Veas '. — ^ 

March 19th Murr'h 2Sth April 28th MAV’2/>th June 28th July 26th Auf;. 11th 

t<i t<j Ui to to to to 

Muruh 28th. April 28th. May 2&th. June 28th. July 28lh. Au;;. llth. Bept. 7th. 

Uil 40-9 1177-4 1101-4 L>:M)S) 

11-2 42-9 100-4 1070-8 20927 0772 — 

The total amount of water given ofl* during the whole period of 172 
days (March 19 to Sept. 7) was, by the Wheat y ll.*l,o27 grains, by tin- 
iVtfs, 109,082 gniiiiH. 'J'Ik- total quantity of mineral ash from (‘iich of tlie 
eamples was, Wheat y 80-49 gruiiis, and iV/w, 48-10 grains, which shows 
that the Wheat took up 82-14 grains apd the Peas 89*57 grains of mineral 
matter in every 100,000 grains of ^vater which evaporated from it. 

Othtir elaborate experiments of the same ohst-rvors, record«Ml in tlie 
Journal of the Horticultural Society for 1851, show that ev(*rgroen tretjs 
transpire less than deciduous trees, and that gn'at differences are inanif(‘sti‘d 
in diilerent plants according to t<unperature. Tlie maximum of evapora- 
tion does not always coincide witn the* niaximuni tctjqx-ratiire. It was 
also found that plants cultivated w-ifhoiit manure frequently evaporated 
more than those to whicli mniiure was applied ; and, further, that 
under a purely mineral niamire more wat<»r was transpin-d than Avhen a 
mixed mineral and animoniai-al manure was used, so that the more abun- 
dant the food the less water transpired. Jleherain shows that, as a rule, 
the amount transpired is greater from the younger than the older leaves. 
Haherlaiidt, in his experiments on thLs subject, shows that yoinig grow- 
ing Cereals before the period of flowering transpire most, and least of all 
after that process, the relative propen-tion of root or absorbing organs as 
compared t6 transpiring organs being then greatest. 8'he four plants 
examined by M. ILiberlandt evaporated in 24 hours per 100 square centi- 
metres during the whole ]K»riod of vegetation (90 daysj as follows : — 
Barley 3?94, Wheat .8582, Kye 2849, Oats 200(^ grammes. But con- 
sidered in relation to the surfuce of the plants, the Oat evaporatwl 2277, 
the Barley 1280, the Wheat 1179, and the Eye 884 grammes per plant 
during the same period. Supposing a million plants on a hectare (a 
hectares 2i acres about), the loss of water, according to the above calcu- 
lations, over that amount of surface would be: — ve 83,4i)0, Wheat 
1,179,920, Barley 1,280,710, and Oats 2,277,700 kilograinmes, which 
corresponds to a rainfall respectivelv of 88‘5 milliniotres, 118 millims., 
123'7 millims., and 227*8 millims. tn all cases great variations, both as 
to absorption and transpiration, occur in different individuals of the same 
species. 
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ClrcumBtancoB regulating Transpiration. — The amount of transpiration 
depoiuis on the amuuiiL abdoibud,the (luantity of water in the tissues, the 
aye ol* the plant, tin* amount of suiTiiee exposed (Asa Gray calculated that 
a jnod(!rat(j .sized l^lin-lree bore seven luillious ofleavPs, thi^ total surface 
belli equal Wo acres), the nature of the epidermis, the texture of the leaf, 
^:c. : thus it re usualK ^le.itest from the lower surfaces of leaves, which are 
provided with the preaLe.st iiumbiu* of stomata. External vonditions, such 
as the dey:rei! of moisture in or the temperature of the air, exert i^reat 
iiilluenceon transpiration; iJit; drier and hotter the atmusphoro, the j^reater 
the transpiration ; but, accordin^^ to McNab, plants exposed to the sun 
transpire most in a inoust atmosphere, while' in the shade transpiration 
ceasos when tlie atmosphere is loaded with watery vapoiu’. Light also 
has gnait elfcet on the quantity evaporated, ^lc^’ah’8 experiments, 
however, show tliat tlie rate of ascimt of the watery sap is not checked 
by placing the branch in darkness for a short time. ]M. Wiesnor shows 
that part of the light which traverses the rhlorophvll is transformed 
into iieat, as a eoii.sequeiu*e of whicli tlnire results a rise of tem- 
peratun*, and an incre.i.sed tension in the watery vapour in the inter- 
c(‘llular pa.ssages occurs. The exce.ss of vapour escapes by means of the 
stomata. A plant may, jus shown liy McNab and Deberain, transpire in 
a ssituralod atmosphere, but only under the iniliuuice of light. 

M. VViesuer has stndiial triuispiratiou in three dilferent ways: — 1, 
by conipaiing that of green plants wdth that of blanched ones ; 2, 
by e,vpo.>ing ilie plants in the solar spectrum ; and by placing them 
behind solutions of clilorophyll. llv the.se dilferent ways, he has arriv(‘d 
at the same results, viz. : - that tlie presence of chlorophyll markedly 
iiicreiuses the action of the light on transpiration; that it is the rays 
which ctirrospond to the aksorption-band of the chloropliyllian spec- 
trum, and not the mo.st luminous rays, which excite transpiration ; and 
lastly, that the rays which have traversed a .solution of chlorophyll have 
only a slight influence on transpiration. Ollier eoloiiriug-matUirs, as xau- 
tliophyll, lor instance, may act in the same way as chlorophyll, but to a less 
extent. The opoiiing of the stomata may accclenite the transpiration ; but 
the very marked tnuispiratiou of young Maizt; phints, the stomata of which 
were closed, and the slight transpiration id' a ILariwetfia ewnosa, the 
stomata of which were widely open in obscurity, sutlice 1o show that this 
cannot he the principal cause of the U'auspiration in the light. In a very 
positive manner, but in a less degree than in the case of the luminous ravs, 
the obscure calorific rays act. to the chemical rays beyond the violet 
tlieir action is null or very slight. Whatever may be the nature of the 
rays, they always act in raising the temperature of the tissue.s. 

In spring, before tin.' expansion of tno buds, absorption is necessarily 
greater than ti aiispiration ; the water in such a case is stored in the stem, 
wheie it is made available for the expanding buds and growing tissues 
giMiorally. In sumuier tht* tran8])iratiou is greater than tlie absorption ; 
and tlien the leaves dej[x>nd for their supply on the stoi'es in the stem, 
t)r, failing tliat, they wither. Ev en in winter, provided the stem be not 
absolutely frozen, tliere is a motion of the juices, dependent to a great 
extent on the lem^vcrutuie of the soil, which is always in that season higher 
tliun that of the air, and it incieasi^s in amount &'oin the surface down- 
wards. 
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The relation of tlie composUiim of ihejltiith f>f the plant tt) iho amount 
of traiispiiation has lulely beim Mudiecl bv M. Hur^eu.sti'iu, by 
plants in baliiu* solutioiis, tiibii];r eare to prt'veiit all evaporation except from 
the leaves nf the ])lant, and tlieii xveijrhiiifr tht‘ a])paiatns ujid plants daily 
HO as to estimate the loss. Acids were Ibund to ineiease the evap< n ation, 
alkalies to diminisb it, other tbiiiprsbeiii^^ equal. Saline solufions act vnvi- 
onsly, accoidii)j[T to the natiiieottbe .*-altand the concinitration of the solu- 
tion, transpiration nttaininj,^ a maximum at aci*rtain dej^ii-e of concent ration 
and diiiiinishiii^ after that. In a mixed .**alirie solution, or com]>U‘te mitri- 
li\e fluid, iio\tft*\er diluted, the quantity of water transpired is invariably 
less tlian when the plants are ^rown in distilled water. 

Tissues through which the Sap flows. — As refj;:irds the spc*eial 
tissues thronoh which the sap flows, the ex j)eri merits of lloITinaiin 
and others indicate tlnil a very uniform diffusion of fluids tak(*s 
place in the Cellular jdaiits and in the Mosses. But the last- 
named physiologist found that in the jilauts ])osHi!ssed of fihro- 
vascular hiiiidles, the fluids })ass('d up in tin; first instance from 
the roots ehi<dly in the proseiichyinatoiis cellular » ous1iliien1s or 
soft bast-eells of the bundles. Th(*se (‘xperimeuts v\(‘re made by 
eausiiigtlK* ])lauts to a!).sorb polassie ferroeyauide ; and then, by 
tn^'itiug sections of tluMii with a per-salt of iron, the course of the 
sa]) was shown by the .local ap])earauee of Prmskm blue, 

Cngcr’s ex'jHM iments, in which be caused plants to absord the red juice 
of tbe bcrrio of Vhpiuhcva^ gave the same results. Asa rnlf*, it w as i'< .nnd 
bv both observers that tbe fluids did not jjassby thesjaral ve.sscl.s them- 
selves, unless tbe continuity of tbe absorbing .surfme (»f tlie roots liad been 
destroyed. Herbert S|j(‘neer’.s experiment.'*, l)owc>er, show that tlie pas.sagu 
through the ve-s^els is luucli more rapid than through ihiM-ellular li.'«swe. 
Where cut branches arc cau.'^ed to abs<a b, the fluids rise in the open vc.'^.mjLs 
and diiots bv simple capillarity. In McNab's experiments the ascending 
cun’eiit was found to puss only thnnigb the wj)ody portion of the fibro-Ans- 
cular bundles and not through the liber. 

The apirai nnd ot-lier vchhHh do not always participate in the diffusinn of 
the juices; but in the commencement of tbe growing-season (witli ns, in 
spring), tbe whole tissue becoming gorged with fluid, tbe vessels are c!om- 
moiily found full of .'*ap. In the regular steady course of vegetation the 
spiral vessels are usually found tilled with air. 

The intercvUnlaj- ptmayvn are also fillcMl wdth air, except under pecnliar 
circumstances, and therefort* take no pait in the disinhulioii of the sap. 

The ^experiments wdiich have been made to ascertain tlie course of the 
f1uid.s absorbed by the tend to show that the sap passe-s upward in 

tlie elongated cells associated with vessels in the fibro- vascular bundles, 
towards and into the leaves and other organs. The distribution of tbe 
fluids must therefore be very diflenmt in stems differently organized as 
regards the arrangement of these bundles. In Monocotyledons we find a 
series of isolated streams ; in Dicotyledons the fluids ascend in a much 
freer and wider course, in the more; abundant wood of the regularly ar- 
ranged circle of bundles. A further diversity arises from the changes which 
take place in stems with age : in Dicotyledons the inner layers of wood 
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proiiorally horonie converted in the course of time into heart-^wood^ the 
solidity of which obstructs the passage of tluids, whi(di then ascend chiefly 
in the outer, yoiinger layers of wood, which constitute the alhumwn or sap- 
wood. 

This is illustrated by the vegetation of hollow Dicot^dedonous trees, in 
which a suflicieiit layer of young wood remains within the bark to carry 
up the absorbed Huids. It is found that tlio cartifiil removal of the heart- 
wood of trees do(Js not prevent the supply of liquid to the branches from tlie 
roots ; but if the layers of saji-wood are rciiiiovod, the upper parts of the tree 
die from desic,c,Htion, even wlien the bark is left uninjured t'xcept to such 
an extent as is suflicient to allow of rcmio’V’ing tlie wood beneath. Tlie 
removal of a ring of bark does not prevent the ascent of fluid, but, as will 
be noticed presfjutly, arrests the downwaitl distribution. 

A certain amount of lateral difftntion takes place from the as- 
oendiTig current, supplying the surrounding tissues with water, 
and, pcrliaps, uifrogeiioiis inatcrials ; but this point is uot clear. 

Crude Sap. — The fluid which is found in tlu' sap-wood of Dico- 
tyledons is of a watery <fiiaract(‘r, couiaining (hwt riiie and sugar, but 
not starch, cblorophyllr or any colouring-matter. Jt. may contain 
matters dissolved out in its course thrungli the tissues, and thus have 
a nutritive character from the admixture of matters stored up in the 
previous season in the v ood-cells, <ttc. It contains also mineral salts 
absorbed by the roots, in an undecomposed condition, at consi- 
derable heiglits in the stem. This fluid is called crade mp, and 
occurs in especial abundance at the time (spring) when the renewed 
chemical activity in tlie dtnelopiiig cellular tissues causes an in- 
creased absorption of fluids. 

'I'liis crude sap flows out freely from incisions into the sap-wood of 
Dicotvledoiious trees in spring, and someliim^s Hpontanoously bursts forth 
ill a kind of overflow, as in what gardeners call “ bleeding ” of Vines, 
Birdies, &:c. 

The crude sap becomes more and more* condensed as it ascends in the 
stem and other organs. In the leaves and other green p irts it undergoes 
a moat important transformation, loses by transpiration much of its water, 
and receives a now element in its composition, of the liighest importance 
to it as material for development, namely carbon, derived from the car- 
bonic dioxide absorbed by the leaves and decomposed there in sunliglit, 
with the liberation of oxygen. 

Descending Sap. — The nature of the progress of the sap 
froip the leaves into the camhmm-’refjion of the stem and other 
parts is at present obscure. Homo authors, indeed, totally deny 
that the elaborated sap descends at all; but this is in contra- 
diction to all experience and observation. All experiments which 
have been made favour the opinion that there is a descent of sap 
elaborated in the leaves, in Dicotyledons at least, in that part of 
the tibro-vascular bundles coinciding with the cambium-ring of the 
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stem — ^that is, in the cambium-layer of the wood and in the in- 
ternal tissue of the bark. This supjdios the material for the de- 
velopment of new wood in the fibn)- vascular layers ; and this elabo- 
rated sap evidently passes not only dowu^^'ard through the latticed 
vessels, sieve tubes, A'asa propria, and conducting cells, but inward, 
by lateral transmission (since we find in autumn starch-granules 
laid up in the medullary rays between the we<lg('s of developed 
wood), and also upwards when grow^th is going on, or where reserve 
material has tube accumulated. 

The sap therefore is transferred from ])lace to place in varying 
directions in Dicotyledons, not in a proper system of vessels, but 
by a series of dist.nrbances and restorations of equilibrium in a mass 
of ])ermoahle tissues, l^he changes are dependent lipoii local phy- 
sical, chemical, and developmental sictions. 

The evidence of a (lesc(‘nt of elaborated sap is overwhelming. The 
simplest proof, that of ivnioving a ring of bark, w’^hich causes the an*est 
of development of wood below tho ring, is borne out by nil vaiialions 
of it. lliw/wf/ fruit-trees in this w^iy «*auses*a swelling of the tissues 
and a temporary increase of product of fruit nbooe or on the distal 
side of th(^ wnnind, from the aecumulation of the elaborated matter. 
The formation of tubers in the Potato and similar plants is prevented 
by interiupting the continuity of the cortical layers; and wluui hark 
is removed in patches, and the 8iirfa(?e becomes gradually grown over 
by new wood, the greater part of the new growth conies from the 
uppeu* aide. Still a descending current is not the only direction in which 
nutritive (luida ilow ; for, as has been already stated, tlu^ How may be in 
any direction, and new wood may he formed in place without immediate 
comie.vion with any descending current. 

It is Mulder’s view that all the nitrogenous constituents of plants are 
not only absorbed by the roots, hut assimilated there at once, and that 
carbon is fixtjd in tlie gnaui organs- -then, that a continual interchaugo 
goes on from above and helovv, the roots supplying jiroloplasmic inatlers 
which originate all organic pheiioiiiena, while the leaves semi ilown tlie 
ternary compounda ((’ IT O) vvhich afford the material for cell-membrane, 
starch^ &e. I'his author attributes the distrihiitioii to simple ondosmose ; 
but this does not account for the passage of crude aap through the iilhur- 
num, and of elaborated nutriment through the inner bark. Other authors 
consider that organic substances ('carbo-hydrates, albuminoids, <ft'c.) are 
formed in the halves ; in such a case a descent of tho sap must of neces- 
sity occur. The Irnnsfor from one leaf to another of siieli substances as 
glucose, albumen, plmspliates, &c. may be aciTOUDled for by evaporation. 

Sachs states that the elaborated sap in thi3 cellular tissue is different from 
that in tho vascular; “the parencliymatous tissues have,” says he, “ an 
ac.klsap, contsiiiing sugar, starch, oil, vegetable acids,” &c. The vascular 
and prosenchymatoua tissues, including the “ vasa propria ” and clntbrate 
cells and other elements of the soft bast, have an alkaline sap. The sap 
passing through these tissues is of an albuminous or nitrogenous nature. 
Other physiologists, how ever, doubt whether any sucli sharply defined dual 
nature of the elaborated sap exists, though admitting the large share 
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which the viisa propria fill in the descent, of Iho (daboratod jiuce.s. It is 
cWv, howevcjr, that the ciUTonts of lh«» snp must vary uccordinfr to the 
ditfereiit anatuniical disposition of the tissues. 

Summary. — VV'o may coiiclnd(^ by ropc^atinp; that the nutrient 
fluids in plants follow certain directions, accordirif^ to tho structure 
and arrangement of the f issues, the place whore evaporation is most 
active, the locality of the soiirms of niilriinont and of j^rowtli or 
other action ; and that as rej^ards the elaborated fluid the movement 
may Iks 1, from the place oF formation to that of consumption, or, 
2, to the sfore-ctdls or reservoirs, or, .‘i, from t bes(* latter to tho 
place of consumption. The asccuidinc;, descendiiij^, or horizontal 
direction of the curnuits is therefore a sc'condary matter. 

To illiislrntn the movomeuit and tr.in.sforeiu'e of mifrient matters, 
allusion may here he iiiado to tho researchos of Af. (rris on the pro- 
duct it »n and utilization of starch, TliisohMM'ver iinds that in wiiitor- 

time the iiiedulhirv rays, wood, and ]»ith arc all tilled willi starch-^rrains. 
These diniitiisli in sprliifjr, hut are afterwards replaced clurinjr tho suinnior. 
II(‘ concludes Irom this that 1 here are two special iiiovemeiits of the nutrient 
substances, as illustra.tt‘d by their formation in summer and their absorp- 
tion in the following spring. 

Sect. 6. Elaimuiatton of tub Eood. 

Exhalation of Oxygen, — When green plants are placed in water 
containing dissolved carbonic dioxide, and exposed to sunlight, 
tliey give off oxygen gas. 

This may be readily observed in VaUmterut and other submerged green 
plants grown in glass jars, a contimioiH stream of buhbl(‘s escaping from 
the. plants when standing in the sunshine. The frothy masso.s of Con- 
fervai, borne up to llie surface of freshwater pools in sunny xveather hy 
the entangled hubbies of oxygen, afford anoth(;r coiumon in.stance. 

The absorption of carbonic dioxide, and the elimination of oxygen in tho 
case of ncjunlic plants, and also in that iff leathery leaves as in the Clierrv 
r^aurel, wliere tliere are comparatively few stomata, take place chiefly or 
entirely on the upper suifnc<>. 

Where no earbonic dioxiile exists, a.s in boiled or distilled water, no 
oxygen is liberated. Leafy shoots remaining attached to trees, but en- 
closed in close glass globes, increase the percentage of oxygen in tlie globes 
when exposed to daylight ; and cut shoots with the lower ends placed in 
water containing carbonic dioxide in solution give otiT more oxygen than 
wiicn the lower (‘uds are dipped in water devoid of that gas.^ 

The oxygen exhaled by leaves is formed at the moment of its 
liberation ; for Confervro, which have no air-passages, and other plants 
which have had their air-passages exhausted by tho air-pump, give off 
oxygen under the above circu mstances, Fra»jment8 of leaves perform the 
Paine function so long ns their oi-ganizatiou is uninjured, while the de- 
struction of the cells hy pressure &c. stops the action. Tho epidermal 
cells exhale no oxygen. 
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Effect of varions Rays of the Spectrum.— Tli ft uiiliKo indiiftnoo of llio 
diffftrent rays of tin* spoctnmi is vorv roiiiarkaldH. Aoconlin^r to Daiibftiiy 
and I )rupor, -whose ohs(‘rvRtio!is liavj* ht‘ftn coniimied hy nunierous oh- 
servera, sunli}j:lii arts in proportioij to its illuiniiiatin'jr powor in the dft- 
oxidatinjr process, whiclj appears to hfi jusi ihe reveran of 'v^'llnt occurs in 
Iho reducin*^ action of li<rtil upon silvor. The yellow rays are almost as 
powerful ns while liffht; while the more refraufrihle rays, blue, vioh‘(, 
have little or nf) ellect (»n the emission of oxv'ien, thoufrh it is pni- 
Imhle they may exert jrreat influeuce on the chemical transformations 
which follo-w iliat process, and have a directly favourable iiitliience cm 
heliolropic curvatures, pf*n<idic movements, currents of prolo]>lasTn, I'te. 
(Pfeifer, Paranetskyj. In jrnvii li^rht tlie leaves omit carhoiiie dioxide 
pis, as in darkness. IVilfnsed lijrht is rich in the more refrauphle rays, 
and lienee causes a scanty emission of oxyjren. Prillieiix, however, asserts 
that the amount of oxyjron <unit1ed by li«rht of diiferent colours is in di- 
n^et proportion to their illuminatiupjiower, ami that the eflect. of the ytjl- 
low and red rays in ciiusinjr the dis«*npfni?ement of oxy«ren is due to their 
luminous intensity. A corresptmdinjr fact has hecui nolieed with repn-d 
to the evaporation of water, so that the two plumomeua would a])pear to 
be in some, way connected. It has been found that starch is formed iimh'r 
white, yellow, or blue liijlit, but in ditlereiit proportions and with different 
de«rrees of rapidity, its formation under the influcnco of blue lig-ht being 
much slower than under white light. 

Quantity of Oxygen. — The (juaiitity of oxygon givcm off bears a 
dofinite proportion to the carbonic dioxide absorbed by a plant; but 
ex(* 08 s of carbonic dioxkb^ b(‘coiucs obnoxious to health. 

Elimination of Nitrogen, &c. — It would a])poar that, nitrogen 
is also giv*en off by ])1 mis (*xposcd to sunlight . l)ra])or observerl 
considerable (plant ities exhaled; and Cloe/ and Oratiolet nolicxid 
intm* than was attributable to air accithm Lully ])res(m1 in tin? inic^r- 
cellular passages. According to (k^nuiwinder the proportion of 
nitrogenous mailer and ph(>s])ba1es gradually decreas(‘s IVom the 
time of the opening of the leaves till their fall. 

rk>\issingnult asserts that in the case nf marsh plants a small proportion 
of carbwir (hUflfi is exhaled by the green parts of ])laiits, but probably not 
under normal cjimditions. 

Elimination of Carbonic Dioxide.— When the influence of the 
sun is withheld from green plants tliey ct*ase to give off oxyg(‘n ; 
carbonic dioxide is now not absorliecl but exhaled, oxygen Ixn’ng 
absorlwd fi^om the surrounding medium. 

Some entire plants destitute of chlorophyll (Fungi and parasites) 
and certain parts of most others (buds, root s, flowers, g(Trninating 
se(^ds, &c.) absorb oxygen at all times and exhale carbonic dioxide, 
and thus become, like animals, an apparatus for the combustion of 
carbon and hydrogen. 

The carbonic dioxide given off from the interior of stems, roots, 
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&c. by day is probably reabsorbed and decomposed in the green 
parts Ixiforo it arrives at the surface of the leaves. 

Accordinfif to De Saussuro, if a plant is kept in a perfectly closed jar 
containing a incfisurt'd quantity of atiuospberic air, for seveiul days and 
nights (an equal number of each), no change is found in the volume or 
composition of the air ; the plant lias exhulod oxygon by day and absorbed 
it by night, and oxhahid carnonic dioxide by night and discomposed it by 
day, in equal proportion. Ikil if this plant is watered with solution of 
carbonic dioxide, or this gas be added to the air, the quantity of oxygen 
in the air becomes increased. Under onlinaiy circumstances the leaves 
decompose by day much more carbonic dioxide tbiin they exhale by night. 
The discugagiMui'iit of oxygen has been observed in S(»nio aquatic plants 
to go ou ill the dark for some li4Uirs after exposure to the sun. The sun’s 
liglit is tlius stored away in the plant and rendered available in some form 
or other wln*n wanted. 

If plants are jilaced under such circumstanci‘.8 that they cannot decom- 
pose! carbonic dioxide and exhale? oxygen (by excluding light from them, 
or by continiiig tlieiii in vessels deprived of carbonic dioxide), they never 
acquire proper deveh»puient; no giuen colour appears (tliey are etiolated), 
little or no woody matter is fonued in the wmls of the cells, and the 
whole (!iiergy is eoiisumed in pushing out weak wattTV shoots ; scarcely 
any of the peculiar resiuous, luilky, or other siycretious are produced ; and 
plants can only subsist uiuh'r these circinnstiiiices w lien supplied witli or- 
ganic nutriuieiit. 

We s(*i! this wdien shoots are developed IVom Potato-tubers in the dark, 
in the cukivation of (hde-ry and other blunehed plants, ifcc. Ihit in some 
cases it w'ould s(‘ein that jdants not only have the power of aequiring 
carbon by their surfaces, but that th»w have also the power of growing 
ill an atmosphere depri\ ed of ciirboiiie dioxide provideu they cau assinii- 
hite the carbon from the carbonic dioxide cireuluting in their own tissues 
(Saiissure, Coren winder). 

A moderate addition of carbonic dioxide to the food of a plant, willi 
fn*e access of light and air, is inostlv nc-coinpanif*d by acceleration of the 
nutrient processes and a more abundant libenition of oxygen. 

Many green plants wdll ilourish in sunlight on water and carbonic di- 
oxide alone, naussuro found that tlie organic matter of plants increased 
in the proportion of 2 to 1 of the carlion contained in the carbonic 
dioxide; the elements of Avaler being combined with the carbon. 

Effect of Nitrogen and of a want of Air. — When ]ibiiit8 are placed 
in pure nitrogen gas, or ht vavno^ all the functions of vegetation 
art' arrested ; not only do the chemical actions above notified cease, 
])ut irritability, like tliat of the Mtuisitive-plants is lost, and 
the plant decays. Even shoots separately enclosed suffer in tho 
same way. The death occurs especially early when tho plant is 
kept in the dark. 

This accounts in some degree for the injury resulting from roots grow- 
ing down too deeply into the ground, as is often observed with fruit-trees. 

Assimilation and Respiration. — Tt ap])ears, therefore, that there 
are two opposed sets of operations in wliich plants have close and 
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important relations with the atmosphere : in the one, occurring \i'hon 
they are exposed to the sun’s light, oxygeTi is liberated and carbon is 
fixed, which must be regarded as a process of assimilation ; in the 
other, oxygen is absorbed and carbonic dioxide is exhaled, as in the 
respiration of animals. The plant is thus subjected to two opposing 
forces in connexion with the chlorophyllian and the general respira- 
tion — the one tending to add, the other to abstract material ; and, ac- 
cording to the proportion between these two forces, governed as they 
are by the va1*ifitions of light and temperature, a plant will either 
emit oxygen or carbonic dioxide in variable proportions. In a 
feebly illuminated spot a plant may remain nearly in equilibrium 
for months, in absolute darkness, the eliminating force being 
the only one in optical ion, the plant can only live upon* its own con- 
stiliK.mts, emit carbonic dioxide by their combustion, and finally 
])erish without increase of weight (Boussingault). Fixation of 
carbon is absolutely necessary for the prcHluction of new ternary 
compounds ((.' II O), but elimination of carbonit^ dioxide appears ab- 
solutely requisite for the maintenance of the life of the plant, Tlio 
elimination of (iarbonic dioxide is increased by heat, and is most 
conspicuous at night or in darkness, but it never entirely c(‘ases 
during the life of the Ic&f. In the daytime the quantity el iininaled 
bidng small, it is entirely taken up and again deoxidized by the 
chlorophyll. 

According to Coren winder the season of vegetation may be 
divuh^d into two [>erio(ls : the first tluit of growth, wlioii the 
nitrogenous matter is iu excess but rapidly diminishing, the period 
Avhtm the true respiratory process is jnost Augorous ; the second, 
tlie jX'riod of maturity, mIicii the process of assimilation dependent 
oil the d(?oxidatiau of carbonic dioxide by chlorophyll is at its 
height, the relative proportion of carbonaceous to other constituents 
being then greah^st. 

The passage of gases, of wliatevor nature and in whioliover direction, is 
dt*|)eJidciil on the laws of diftusion ; the cuticle of the leaf in the>e cases 
acts as a dialyzer or tilter, checking evaporation, but permitting tlie paa- 
Siige of gases. 

Effect of Deoxidation. — ^Tho assimilative process, in which 
oxygen is liberated, accompanied by accumulation of carbon in 
the tissues, is evidently related to the formation of the remarkable 
series of neutral ternary compounds which ooristiiuto the great 
bnlk'of the substance of plants, and, further, to the production of 
the more obscure and far more complex and A^aried series of sub- 
stances fonnedbya further reraoA^alof oxygen from the compounds 
of the first class. 

The compusition of the principal constituents of cellular tissues, and 

2p 
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the aub.slanr(*ft found in llio watiuy ooll-sap, is f'enernlly Bueli tliat they 
iiifiy h(5 rc'irurded ns consistiiijr of carl)(»n />///« the elements of water; but 
it is by no means to be r(‘»"»ir(led ns settled that they arc secondary com- 
pounds formed by tlie union of water with cju'bon. 

The formation of crv.stalline acids, such as oxalic acid &c., is theoreti- 
cally accounted for hv n pvoct'ssof deoxidation. A furtlu^r deoxidation of 
carbonic dioxide and wal.(‘r would r€'.Hult iu the formation of the diflerent 
carbo-hydrates, cclluhise, starch, sufrnr, <&c. A still greater loss of oxygen 
would account for the formathui of the vejrotable fats &c. 

The formation of tlic neiilral ternary com])Ounds beingf eonstantly in 
relation to tlie absorption of carbonic dioxide and the passage of wate.r 
through the tissues, with the exhalation of oxygen, it lias been assnnie<l 
that assimilation of carbon in the gi-een parts of jilants is the result of 
decrom position of carbmie dioxide and of the conihituitiou of the carbon 
with wateT. "As Liebig, liowever, indicated, wati‘r is far more easily de- 
composed than <*arl»onic dioxidt; ; and perhaps t he oxygen may be derued 
from that, its hydrogen nniting with carbonic dioxide. 

There is no evidence to show which view is correct. In tlie next place, 
Draper regards the decomjiosition of carbonic acid as a proiresH resulting 
from contact -nHiun m ft‘nncni.nthm c*xc*ited by the nitrogenous protophism, 
aceonipatiied by a waste of the luttijr, in which nitrogen is lilaTalcd. 
Mulder, on the otln^r hand, believes that tlie carbonic dioxide enters into 
combination with some substuiico existing in the protoplasm, and that the 
oxygim is set free by the deeomposition of this compound ; for exam]jle, 
that chloropliyll is produced continually in simshitie, th(‘ wax associated 
with this being formed from slai'ch, Hcconi])anied by n separation of oxy- 
gon, that this oxygen partly escapes and ptirtly oxidizes the chlorophyll 
aubstance and causes it to become gremi. 

Of tliese views. Draper's apptsirs the most wnrtliy of credit, as agreeing 
best with the pheiiomeiin observed in the cell-contents. CUilorojihyll does 
not originate Iroin starch, but usuiilly rive certsd; and it is quite udinis- 
sible to assume n deoxidating contact -action of llio proto])hism under the 
inlluenoe of liglit, when we- observe a distinct oxidizing contact-action of 
the same part of the c(*ll-c<mt(mts in the dark, as iu the decomjiositioii 
produced by the growth of tlie ^’ea^t-plant (p. 552). 

Nitroffonous Constituents. — A s to the nitrogenous constituonte of plants, 
wo know little at present beyond tJie fact that they originally exist in 
the form of protoplasmic substance, which, according to Mulder, consists 
of modifications of the substance called proteine, known as vegetable 
albumen, fibriiie, casoiue, \c. Tliey constitute the Hiibslance of Sie pri- 
mordial utricle and the protoplasm, on which chiefly depend, in all pro- 
bability, the vitfd and chemical activity of the cell-contents. These have 
the power of decomposing organic compoiiuds by contact-actimj and per- 
luips of causing new organic combinations. How they originate them- 
selves is unknown ; but it appears most probable that their source is either 
ammonia in combination witli oip^anic substances, or in some cases 
nitrates; and it is must probable that there is ground for Mulder’s opinion 
that all actii ely vegetating cells (containing protoplasm) are capable of 
directly assimilating oigauic matters to some extent, whether expo.^’ed to 
light or not, os has been shown in the case of the carnivorous plants 
before alluded to (p. oGO). 
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Tliis .sHPni8 borne out by the universal presence of these nifroiroiious 
compoumls ill aetively \e|ietatin‘^ cells, in roots, parts of the lii>\ver, in 
caiubiiiiii, itc., as well as in ^reeii or^.ins. Tluit tlie crttdv anp is foiiml 
to contain imcoinbineJ ainmoiiiacal salts Jii>,^li up in the stem in siirin}^ 
may result from the iiclivity of the currents of Huid allowinjr part ol* tlieiii 
to ilow on un(iecoinpoH‘'(l, while a part only is Assimilated in the root«. 

l*roteinaceims matters, it may now be stated with some »-otilidence, 
wlien n(»t directly ahsorbml, originate iu the colourless protoplasm fnnu 
iJie decomposition ol‘ sugar and amitioniA salts, in the same maimer aa 
slarcdi is foriirt'd in the cliloropliyll under the iallueuce of light. Pasteur, 
as we Ijiive seen, induced the formation of ]>roti)plii.sui in ytuisUei lls by 
supplying them with a sacclisirine solution and a nitrate or iiinmonia salt. 

An animal of llie simplest organi/ation not only prmluccs heat Ihrougli 
ri'spiration, and exhales (Carbonic dioxide, but a certain portion ot the 
ulhumcMi it contains is modified by the respiratory combustion into a crys- 
talline nitrogenous compound (am/). In the case of plants, anpamijinj 
an amide, is formed in the darkness as are.sult of the general respiration, 
and this is as easily transformed into aspartaUi of ammonia us urea iiitf) 
its carbonato (lloussingault). This asparngin is a nioditication of the 
albuminoid mattiir.s sloriid up iu the cotvle/lmis, formed wlnm a trinsfer 
of tlie-iO matters is required, as iu germination. 

Our spaeo compels us to restrict this Sf‘ction within narrow limits, and 
we are obliged to omit iiiiy special reference to the application of these 
generalizations to the e.xplnnatioii of the facts of Agriculture*. I'lie 
student is recommended to study works on physic.s and organic chemistry, 
as vegeluble physiology is daily becoming more and more a subject for the 
pliysicist and chemist; and without a knowledgfi of the subjects treated 
of by students of these science.s, progi*ess in vegetable pliysjology is im- 
possible. VViiat is sjiecially wanted an* experim/ints and analyses showing 
prceiselv what pliysical and cbeuiical cdi.‘ing(*.s go on iu tbe several parts 
of the plant at various stages of growth nml tJieir ratioualr. 


Sect. 7. Secretion. 

At the coininonc(*iiient of the periods of activity of jdaiils, as 
when they shoot up from seeds, or when the new shoots are [mslietl 
out iu spring, the whole product of the elaborating processes is 
devoted to the formation of new structure, to fjrowth. As the 
season advances, tlu* cell-forming activity slackens, the penimrieut 
tissues become consolidated bytlie foinnationof secondary deposits, 
and the pareuchymatous tissues appear loaded with ac<JumuJat(jd 
products of assimilatiou, such as chlorophyll, starch-grauuJes, &c., 
which iu annual plants are subsequently consumed in the matunir 
tioii of the seeds, and in perennials are gathered together in autumn 
and stored up in tho.se tissues which are to carry on the develop- 
ment ill the succeediug season. 

* The atuclent will find a UMeful sumiaary of chemical science applied to 
agriculLure in a little work called ‘ How Crops Grow ' (MacMillon). 

^ 1 * 
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Secretions. — The phenomena of g^o^^■th have been dwelt upon 
incidental ly in precednig Sections, and are further discussed in the 
next eha])ter ; hut we have here to s])eak of certain processes, occur- 
ring more or less extensively in plants, contemporaneously with 
growth, in which products are formed which are not, like starch, 
chlorophyll, Ac., evidently transilory forms of assimilated siihstance. 
These substances, called by th(‘ general name of seeirtlons, are of most 
varied kinds, and their n^lation to th(‘ economy of vegetable life is 
very obscure ; but a brief notice of the piost striking of them is 
indispoiisablo. 

A distinction is sometimes made botw(‘en the peculiar products found 
in the interior of cells, and tliose which are accumulateil in C(!rtaiii cases 
in intercell I liar |)assa're8 or cavities, or upon the outer surface t)f cell- 
incmbranes, the toriuer being called secretions and the bitter curretions. 

The principal substances secreted by plants are air, water, gum, sugar, 
volatile oils, balsams, rosins, gum-resius, and salts, eitlior cntiridy ini>r- 
ganic, or formed of comliin itions of minrral bases with organic acids, «.Vc. ; 
besides tlu'se th(*rt‘ occur in itidividuul Orders a inidlitude of alkaloids, 
neutral su))stance.s of various kinds, coloiiring-principb‘S, Ucc, 

Oases. — The liherntion of gases inb» intercellular passages, cavities, 
f wears both as a nccijssary acconipaniinent to the chemical decompositions 
<;ning oil in the cells, and as a special process connected with peculiar 
habit of* plants &c., as in the Iftricutariec^ in the air-sacs of Fnens rrsivu’- 
fosuM^ A:c. The conipcjsition of the air found in the cavities of plants 
iioct'ssarily depends upon the external conditions, ns under siinliglit tln*ro 
is generally a greater proportion of oxygen than exists in comiuon air,' in 
th(! dark but excess of carbonic dioxide. 

Water. — >\'iiter is given otF in a liquid form by various plants, cither 
fn)in glandiiliv papilbe, or from the general surfacti of leaves X:c. In 
yvpvnthrs (lisiiilaforia, Sdrraccniaj See. water is accreted in the pitchers 
wlierein it acciiinubit(*s. 'J'he leuvea of various Mnaacea.*, Aracefe, flrassea 
and other Moiuwotyledons, Tf opfcolnm, Impatiens, lirassina olvrucen, &v. 
give otf drop.s of water from the leaves. In CnltuHmn thewj exist orifices 
at the points of tin* leaves, comunuiicating with internal canals, whence 
great quaiiliiiea of water flow (half a pint in om; night). 1’bis water is 
of ctuirse contaiiiiiiated ^^itll salts and small quantities of soluble oigaiiic 
matters. 

Qiim is usmlly pour(*d out into and accumulated in intercellular paa- 
sag(»a, ns in the rycadiice.e, in tlic bark of the Acacias, (’herry, kc. 
AVhen it is formed in large quantities, it bursts the tissues and exudes in 
thcTorm of tears. The firniation of the gum Trngacanth in the species 
t>f Astrttf/ahM is diflereut from this, consisting" of collcncliynmtoiis thick- 
ening of the colls of the pith and iiiedullarv rays, which swell by ahsoip- 
tioii of Avater, and burst out from the stem under certain eircumstanc(*'a. 
The pccnlinr organs called cf/stoli/hcs have a* gummy excretion as a basis, 
in the form of a clavate bod\ , suspcnde.d in tlnj interior of an enlarged 
eoU by a cellulose pedicle } wlien mature these bodies are covered with 
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crystals of carbonate of limo : they are especially common in Urticacem, 
n.s ill lycfis elmtica, Murus, Jiroussunetia^ &c, 

Su^ar, (?oiiiinoiily occurrinf' as one of the soluble fontis of the assinii- 
Lited tiu'iiaiy substances, is occasionally excreted, espei ially from the ])art8 
of llowri's, such as the so-called nectaries. Through evapvjration of water 
tile siig’ir sonitjtiines ajipears in a crystalline form. Urape-sugar (glucose) 
is apparently formed in tlie leaves by the combination of carbonic oxide 
and hydrogen, the former derived from the breaking up of carbonic dioxide, 
the latter dorl^ved from water. At other times it is formed from the me- 
tamorphosis of starch. It ^ su]ipf>s('d that from the glucose formed in 
the leaves the ]n'incipal carbohydrates, such as cellulose, ciiticiilar suh- 
stanee, some acids (as oxalic and formic), are derived from the oxidation 
of the glucose. 

Sugar occurs commonly in the corolla-tubes of monopetalous ilowers 
(Lilac. tS:c. ), on the iiectarifcroiis coronet of various plants, on tlie glands 
of petals like those of Uuiunmtlm^ Paniassiay &c., or in pits in tlm same 
situation, as in some Liliaceie. On the leaves of various species of Aviiria 
occur glands secreting sugar; and the same is the cose in species of 
Vhrodendron, Lauriistimis, the lower surface of young IcavtH of Prunm 
iMuroctnifitiSf &c. \'arious a]>eci(?s of Ash (P?'ad t7ius) anil Tamanx excrete 
a great quant ity of saccharine substance under the form of maima. 

'fhe wounds indicted by insects (^Aplm) also cause excretion of sugar 
from leaves, forming houey-dew,” 

PcctoBc and Pectase. — Pectosi', is a gelatinous hydrocarbou insoluble in 
water, alcohol, and ether, found in unripe fruits, and in tlesliy roots like 
Ciirrols. ]3v the agency of acids it is convc'ried into whiclj gives 

the viscid clinracter to cooked fruits. Pectasa is a peculitu’ ferment found 
in fruits, which transforms pectoso into pectosic acid. 

Volatile Oils aro extremely numerous. They are ordinarily secreted in 
glands, eitlier external or inlornal, situated on the herbaeeous parts of 
plants. Tliey are rarely pure substances, the essential oils usually con- 
taining dissolved resinous matters, camphor, or active principles of various 
kinds. The odours of plants and many of their most important qualities 
depend upon these secretions, which are generally peculiar to particular 
genera or Orders of plants, and not unfre^uently differ in slight degrees, 
so as to be characteristic of particular species in an Order. The chemistry 
of the formation of those bodies is still very obscure. Sonm are liydro- 
carbons ; otlici*s contain oxygen in addition ; and sulphur plays an impor- 
tant part in mauv, especially In the CruciferDB. The only general state- 
ment which can be made is, that the majority of the essential oils contain 
less oxygon in proportion to carbon and hydrogen than the dextrine and 
the otlicr neutial ternary compounds, and \liat their production stands in 
a certain relation to the access of sunlight to the plants. 

The Labiatai with their external epidermal glands', the. ITypericaceee 
and Auruntiaceas with their internal glands, the Umbelliferaj with the 
oleiferoiis vittaj in the fruit, the Terebintbocea}, Kutacefe, &c. are striking 
instances of the occurrence of essential oils in particular Orders. 

Resins, solid or fluid (balsams), are very varied. They occur chiefly 
in intercellular passages, or in groups of cells especially devoted to the 
secretion of these products. Very little is known of the processes of their 



PITTSTOLOOT. 


r>82 

formation ; but tho same proneralitiea apply to ihom as to the essential 
oils with which they aie not iinfrequeiitly associated. 

Auioiifr tlie resia-prodiic,in<? ( hdors may be noticed especially th(i Coni- 
fenc, the I je^^iiiiiiiiosa’ ( Ae. Amyridacejc, GulLi- 

fera', Styraceic, Tcrebiiitliuceie, Idlincejo (v//oc, Aauf/nnr/ira), \c. 

Jlesirious ami waxy matters are found in considerable abundance on 
the surface of the leaves oi- fruits of many plants. J t is not cleni- at present 
how far these are to hti ri'jrarded as proper excretions or as cheniioally 
metamor])hosed epidermal structures. 

I’mler this head talN the waxy coit of leavc.s and fruits which cxhilnt 
what is called a ‘‘bloom,’’ as the leaves of Prininlacejii ( 7^ Auruula, &(*.), 
tlu^ fruits of the iMiim, \'c. The wax of tlie AVax l^ilm {^CeroJiflon) is 
fornuid in tlakes upon the surface of the sttun. 

Wax and resinous matters occur on tht* outer coat of the polh*n of 
flowers; and the viscid surface presented by tin* epidermis f)f many plants, 
such as Lyrlinh Vhvaria^ some SHnicSy is allribiitable to similar 
causes. 

Latex.— The so-cnlled luillvy juices flaiex) occurring- in specially modi- 
tied interc<*llulnr pas^aijes (p. 51.»)are of coinpl(‘x composition, ctuilainin^r 
es.'«ential oils, r(*sins, p:uiii-resins, slarcJi-«rr; ins, evtraelive mailers, nlha- 
Joids, prol(*in{iceous compounds, caoutchouc, iVc. suspeiid(*d in water, 
firming a Kind t)f eniulsioii. They are not «)pti<|m* and milky in their 
natural slate, but bci ome so when e.\posi‘d to air, and mostly assume a 
transparent r(*sinoiis character when tlic*ir wati'vy et^nslitinuils apovatt;. 
^'ery difTerent oj)inions have been e.\presse<l as to the nature of latex and 
the\’e.s8(ds contuiiiin;r it. l»y some it has been considered a nutritive 
fluid analojrous t«> arterial blood, by others a.s of purely (‘xcivjnontitious 
nature. A third notion is fiunded on the eomparison of the fluid in 
quesiioii ^\illl veinuH ]ilf)od. Probably that \ie\v hy wliieh it is re^anhal 
as a tluiil cnntaiiiinjr, mixed with iuatlt'r.s of a diri*cliy nutritive character, 
others which are excrement iliou.s in their nature (Sadis, llanstein) is tlio 
most correct. Treeul holds that the lalicifc'nms vessels are the analocfues 
of the veins, and their contents equixalent to veriou.s blood. lie traces a 
contact ami inosculutiiin of the latieifiMOus vessels with the pitted ducts 
and olli(‘r ve.ssels. I^alex from this |M»iiit of view would be tho residue of 
the sap after elaboration by the fv'lls — the raptd vwi'fmmi of tho sap. 
Paivre s experijiients show that the latex may How in any direction, and 
not only throuf^di the bark, but throiij^li the wood and the pith (in Ficus 
elasiica ). 

These juice.s abound capocinlly in particular Orders, ns in the Papn- 
vernc(*fc, Kuphorbiacea*, roots of ( hcboniccap, Apocynacem, lTrticnce;e, Ac. 
Amongst the most ini])ortant substances obtaim*d by evaporating them to 
dryness are: — opium from l\(pnrersommfnnnnA\.\\i\.caoutvhmc from various 
Miipliorbiact*fi*, I'rticacea;, and Apocynacew ; f/utta pet'cha hoiw Isonandra 
ijnltUy &c. 

Saline Matters. — The salin(i and purely mineral excretions of plants 
have been already referred to. They occur^^s incrustations of the ccll- 
niembraues, as silica in tho (irH8.*5e.s, lili^uisetncem, Stellalae, A^c., or ciir- 
bonate of lime in i'harrc, CoradnifP, and in sninllcr quantities on the 
leaves of various Saxifrages. Cryetals {I'aphidcsy p. oOoj, cither of iiior- 
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pranic salts or compounds of orj^auic acids with lime i&c., are frequently 
lue.t witli in the collnlar tissues; hut very little is known jit present of 
the nature of their relation to the chemical |>rocc>ses of vt‘}retntion. 
(hilcium oxalate; imiy be rejjfarded, according: to Tlohmer and llilj^tirs, iis a 
product of elimiriatioii, by means of wliicli tho siiperlliious Jiim; is depo- 
sited in a solid form. This lime is st;t at libertv by the calcium pliosphate 
absorbed, when this is decomposed to supply the phosphoric acia requisite 
for the new al))umiiioid maleritils. TJio lime so libcirated is combined 
with the oxalic acid with which youn^»‘ tissues abound, llauwenholf 
shows that tfioso rnphidt‘s are, wantin;^ in ]>laat3 jj^rowii in obseurity ; 
which, tlierefore, is an indication of inability of tho plant to absorb or 
de(;ompose calcic phosphatt*. 

TJie close relation of the vcfrotable acids, oxalic, malic, citric, &:c., to 
earhoiiic dioxide, water, and the ternary assimilated substanees has 
already bee,n alluded to. 

Tannin, or tannie acid, is n very frequent conslilnent of the woody 
tissues when their \ital activity has ceased, and is perhaps a product ol 
di*composition. It is formed in plants exposed to li^dit as well as in 
llio'^e p’rown in obscurity, but in .smaller proportions in the latter case. 
Oak, Sumaeli, Ji/iiis coriuria^ Acacia oafvehu^ ik,v. owe, their tamiiii^ pro- 
]K‘rtii*s to this sidistanee. In fruits the proportion of tauniii cb’creases as 
that of sugar iTicreases, but it is not known what circumstaiuM's regulate 
the changt'. For the detection of tannin in the C(dLs under the jiiicro- 
sca)pe, Sauio recommends that sections be macerated in polassic bichro- 
mate, which causes a reddish-brown ]»recipitate in the cadis, and wlihdi 
is (•oti‘'istejit emough tc» allow of sisdioiKs bcdiig made without extra.vasa- 
tion and sluiniug of adjacent lissuo. 

Speiiking iti gcuieral terms, it may bo said that the immediate 
priiiiM’ples cd' plants may bo grouped under three heads: — 1, those 
in which oxygen is in excess — as ])ectiii, peurtose*, taiiuiu, and v(‘ge- 
t.able acids; 2, those in vvhich Jl and O an* in equal proportions — 
cellulose, stureli, gum, sugar, lactic, acetic, quiuic acids; and, 3, 
those where 11 is iii <*\cess — as in resins, essential oils, camphor, 
salicin, varions alkaloids and colouring-matters. 
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CHAPTEE III. 

GROWTH AND DKVELOPMENT OF ORGANS. 

Sect. 1. Development of Cells. 

Tho formation of now cells takes place in several ways, tlioufth 
essentially t Ho process always consists in tln^ setting apart of the 
whole, or more fr(*(|iient]y of a portion ()r portions of the proto- 
plasm in one or other of the following nianncrs ; — 1, by condensa- 
tion or alteration of thcMnolecular strueture; 2, by si^ginentation or 
by hot!) combined ; and, by the blending of i/he contents of one 
cell with those of another. In any case the mass of ppotophisni 
newly set apart is sooner or later invested by a cellulose coat. It is 
hence convenient to treat of cell-formation under the heads of 
segregation, conjugation, segmentation, and free-ccll formatioji. 

Cell-formation by Segregation. — A c('rtain portion (or portions) 
of tho protoplasm is sot a])art from tho rest, escapes ultimately 
from the cell-wall, livc's independently for a time, and ultimately 
is invested with a cellulose coat. The zoospores of CEdoyouimn 

Fig. 691. 


rt c 



Dpvf^lopmf^nt; of zooopori' in (EJutionmm: a, iiarcnt fllamnut; A, a joint breaking across to 
..emit its eontrnts; c. a more adTuncfd stage, tlie globular luass of contmits (nascent zor>- 
’Mioro) Htill nithin n c<>]luIoHf pelliole ; d, empty parent cell; e, the zoospore escaped 
mmi it. with its crown of eilia formed ; JT, the zoospore, after it has settled ilown, become 
encysted by a cellalosc coat, and begun to grow into a new filament. Magn. 2(JU diam. 

and other filamentous Alga? are formed in this manner (fig. 591). 
Sometimes tho whole of the protoplasm escapes from the cavity of 
the cell, and ultimately forms a new cell. This is spoken of as re^ 
juvenescence. The detached masses of protoplasm often move in an 
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ainoDboifl manner, and swim about by the aid of ciliary productions, 
and it is not until they come to rest that tliey form a cellulose coat 
(fi^. 501) and acquire the appearance of a completely formed cell. 

Formation by Conjugation. — This mode of cell-formation, met 
with in some Algm and in some Fungi (tig. 5015, li, h ; tig. 512, A, 
c, i7), consists of the transfer of the protoplasmic contents of one c(‘ll 
into the cavity of an adjoining cell, and in the fusion or bhnuling 
of the protojiiasm of the one with that of the other. I'he spon? so 
formed is called a ztfffnspgre. In place of a numerical increase an 
actual decrease occurs liere, from the blending of two into one. 

Cell-division or Segmentation. — ThiwS is the common mode of 
cell-formation in vegetative system of ])lants, and occurs also in 
a slightly modified form in the formation of pollen. In this imjt hod 
of cell-formation the lu'wly-formed cells remain for a lime or]>er- 
inaiiently in contact with each other, aud do not become fri‘<^ or 

Fig. 503. 



Section of the outer layers of the rind of Cer^un peruvianus soaked in alcohol : a, cortical 
cells with contracted protoplasm, sonif; with newly formed septa (e) ; cork cells ncu ly 
formed by dirision in tho outer cortical cells; c, epidermal cells; cuticle. Magu. 
200 diam. 

detached, at least at first. Tho process takes place in all growing 
parts of plants, but in the higher classes these regions are only ac- 
cessible by dissection; in the lower, and especially in aquatic 
plants, we are able to observe the process of cell-division in living 
organisms in all its details ; and it is in these that the phenomena 
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aro iDOHi sat isfaotonly sf udied. 0(dl-dLviHion can only take place in a 
(•('ll winch ndains iis ])rotoplasni in an active state, as in the cells 
constituting the nun'i'item (p. 514). When the ])aront C(41 is about 
to produce two (or lour, rarely nior(*) new c(dls, the protoplasm 
separjites from th(.M*(;ll-w all at the liin; hounding the plane of divi- 
sion, and advances inwards in th(' form of a narrow fold, until the 
])()rlions of the fold ('oming from the ditbTont sides of the cell 
coalesce, so tliat the protoplasm is T(‘so!\cd into t\vo(or/noro) (.dosed 
utricli's, logeth(?r c()mi)let(dy occupying jhe ])lace of the original 
ntrich'. While tln.^ ])rot(jplasm is folding inward, it forms thicken- 



Fig. «i)d. 



in Cludophont flhtmernta, A. Pnrf of ii lllnnu'iit in a niiturnl : r/, 

jiMMiiIii-Hiii* . c. iiniiiordiul uiriclo nr ])rotof>liiftin; j-, Bituntiori wh^n* diAifiirn is almut to 
tuke ))liu'i-. II Slap'i’H of th»* funiiidioii of a Br])(iiin at jc, (hr Hliimunt h»\ii»R lu-on 

troatod with alrolKtl: a, \^all of tli«‘ par* ntrrll; 6, valla of the new eellH; e, ]>roto|ilasm. 
D. Septum of old ilhiment fi rated with dilute Bulphnrie ludd, to swell up and separate 
the lituiinn* of the celUwull and contract the protoplosm: a, wall of parent cell; ft, 
ifull of dun|;;hter cells; c. protoplasm. Alagii. 1200 diam. 

ing celliiloso lamiiifc on the wall of th(^ jianmt cell and on cither side 
of the septum separating the cavities of the two new cells, formed 
by the infolded portions of the protoplasm (lig. olKd). This takes 
place not only in the vegebitive cells but also in the pollen. -At 
othi^r times ilie new di>iding cell-wall is formed gradually, after 
the sudden division of the protoplasm into two or more portions. 
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so that fho process of cell-division exhibits two principal modifica- 
tions — that in \\hich the new cell- wall is secreted durin*; the divi- 
sion of I lit* protoplasm, and that in which it is foniit'd only after 
its coni[)lefe se<^ineTilat ic)n. 

'I’his phcnonieiion iriiiv he traced very clearly in all its miimtiau in larj^o 
specu‘s (»f (\jiil(*rv}e ( VUi(}ujihura^ lijr. oit'i) ; and so far as we may 
from ob>ervalioiis, ext^'iuled from similar rases, Ihroiijrh tlie acce.ssihle 
stnictiir^a ( nasonit lejnt s, pr<»<ludlis\, \*e.) of Mosses, Kerns, \r., up to 
wliat we can dotert in secthms of th»' tissues f)f llie IMianerojjamiu, it is 
the j^eneral mode of subdivision of cells. 

Tlic principal varieties wbieh this process exhibits depend on the clia- 
racter of the tissue to wliieh the dividine* ecdl helmi«rs. In tilamentous 
Confervoids this division takes place in most cases hotli in tin* end cell of 
a lilament (apical ^rowlli) and la e<dls forminpr links further down (inter- 
calary ^rowl.li) ; ill eaeli ease the parent c'dl elongates more (*r less Im'VoikI 
tin* ordinary measure before dividiii;r, and the new cells e.ach ji-row until 
tliey equal the adult l(m;i:l h of the parent. In the hranched iUiulophnrtp 
(ti^. o]2, (') vVe. the parent e(‘ll MUids out a lateral arm, which is at lirst 
a ])(meli with its ea.\ity contiiiiioiis with that of the parent; and tliis is 
suhscMpu'Ully shut olf by a lateral s(‘ptum formed in the manner above* 
ile«erii^‘d. 

Tin* A</s?V//e.sy>('wv'.v of tin* Atrarics A:c., and tin* s])oros of Vniirlllium^ Iio~ 
frt//is, and tlie allied forms <d' iMinjri, are produced in the same way, as 
iilsi» are the mniflia <d‘ the Yeast-funjrns/’ the now cells emernino- lik(; 
hnbhles blown out from the Avail of the parent ei*ll, aiuJ hfcornin^siih- 
seqnently shut off by a similar process, in tlio IMianero^mmia, the colls 
of the eiMwiiijr points, as of the apex of Imds and roots, (d‘ tlie (Miuhiiim- 
layer of the stem, ninltiply while wry minute, so that it is not so 
easy to trace tin*, clian;res; lint cell-div ision maybe readily ol)serA(‘d in 
the o]>jdernial hairs (»f the Id^liosl pl.nnts, and tlie ])rotoplasm is observed 
to be equally ellieieiit as the a'reiit of niiiltiplieation in these. TIm' ilirec- 
tion in which the division takes place is usually horizontal, sfunetimes 
ohlitpie, rarely if over strictly vertical. It Avill readily he surmised that 
tlie iorm of the oriJi’ans and the mode in xvliich they ramify may depend 
iiiatorially on the form of the termiiiii] or apical colls, and <m tiic dirrclioii 
ill which they divide. 

The prod md ion of complete cells within cells, the septa dividinjr the 
new^ chambers beinp: continuous Avitli new Inminm deposited on the old 
Avail of tlio parent cells, may not only he oliserved directly in Cladnpliora 
(tipr. hit*!, Dj, but is Ijoautifully proved by alloAvin*? filaments of Spimppra 
to ilccay in Avater; but these bnaik up into leiiprths of idpfhl, four, and two 
cells, and at last into single short cells, by the solution of the jneinbranes 
frmi w'iMiout iriAvards. 

The softening and swelling up of those parent membranes doubtless 
give rise to tlie seniigelatiiioiis coat of many of Uie lower Alga*, espe- 
cially the yo8tochi»p€B and ValmpUea^, In the cells of tins parenchynuitous 
tissues of the higher plants, their parent inembrnues arc mostly lost sij^ht 
of by being expanded to extreme tenuity, since the cells lierc usually in- 
crease v ery much in size after their lir.st formation. In woody tissues, 
firmed from cambiuiii-cellb, they are mostly so thin as to be almost iiu- 
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porcp]itible ; but it appears as though in some instances tliey became 
trails loruied into a kind oT cement, gluing the cells together, but capable 
of btiing disHohed by nitric acid so as to set the wood-cells free. 

Cell-division o(!curs its a forerunner of free-cell formiitioii in many 
cases, wluni a tissue is about to give birth to a great number of free cells ; 
as in the. forniation of the pollen-grains in anthers, and the spores in the 
sporangtis of the higher Crvptogamia, where tJit; structure is in the first 
instance de\ehiped into a quantity of chambiirs by cell-division, eacli of 
the conipjirtinents then produc'ing a free cell. 

This niiist be borne in mind presently, wdien we come to“ speak of the 
modifications of frec-ctdl formation. '■ 

Changes in the Nucleus. — Duriiig the division of tho protoplasm 
as above described, and in intimate connexion with it, complex 
changes onuir in tlu^ nucleus, which luiAe been specially studied by 
kStrasImrger in the commencement of cell-division 

(w'hieli occurs only at night) the luicleiis increases in size, loses its 
iiiiel(M)lus, alters in form, and shows in the centr(‘ a transverse 
constriction in the ft)rm of a band, the nudeAis~hnm1^ w'hicli is 
m.arIvCMl by rod-like eonflonsations of prolopl.asin. Siibsequciilly 
the nucb'iis, still increasing in size*, again alters its form, becoming 
barrel-shaped, with an aggrc?galion of granular j)rui()i)lu3in each 
end. Division takes ])lace across the nucleus-band in about 15 
min lit (»s after its first ajjpearaiice. Two new inudei are formed, 
which si'parate partially one from th(5 otlnjr, but ar(^ (?onnect(»d by 
ine.ans of protoplasmic threads with tho aggregations of protoplasm 
at th(». two (‘luls of the parent iinchMis. Other threads gradually 
connect the lunv nuclei with the protoplasm lifiing the walls of the 
cells, and from which the septum is formed. This septum passes 
between tho two nuclei, and divides the original cell into two, each 
with its ]iucleiis. During the subdivision of the iiiicloi, nucleoli 
are formed in them, but these disappear w'ith the oxcej)tion of one. 
In Spirnr/t/ra tho ehlorophyll is arraTiged in ribbon-like coils (see 
fig. 5 lb), and along these coils, when the cell and nuedeus subdivi- 
sion are taking place as just described, currents of protoplasm, 
canning starch-grains along with them, may be seen ; so that about 
thr(5e (piartcrs of an hoar after tho first change in tho nucleus, a 
ring of protoplasm is found to extend round the cell, towmrds which 
the starch-gi’ains proceed in great numbers. On this ring the first 
layer of cell -membrane is formed at the expense of the starch- 
grains. The nucleus which, just prior to division of the cell, is 
placed near its centre, is placed, after that process is completed, 
near tho sido. 

Free-cell formation. — The essential character of free-cell for- 
mation lies in the circumstance that the protoplasm which produces 
the primary cellulose wall of the new cell previously becomes sopa- 
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Pfitecl from the wall of tlie parent cell, ro that the new cell is free 
(or loose) in the cavity of th(j parent cell. 

Modifications of Free-cell Formation. — These are nmiKTous. 

Tlie siinph^st case is where the protoplasm, eiiclosini^ the whole eon- 
ient.^ of th(‘ parent cell, separales all o\er from the Avail of the 
parent e(‘ll, ami, ^^hile thus free, ]mKluces a celliilusi* membrane 
over its wholi^ surface, wliicli eonstiliites the aauII of a new f(*ll. 

T%^^94. 


Fij?. 596. 



D<'vc*lo|iiii<Mit of tlic fmlirynritil vi'Kiclf of 
SiniltihtiiL tilliUni. A. Tfu* up\«*p ♦•ud of I In* 
«*nibryo--sin.*, with tin* niilirvoiiiil ri»r|niB- 
ch'H !»* I’) us yt*( d<‘\oifl 
Jl. Tin* Haiiu* 1:U.«T. nith lln* ]»i*Ui*Ti-liib«? 
(p f) iuilu‘r<-iil ; till- piiiliryoiial vchi*‘1<* (f r) 
h.iH iicciiiired a crllulo'Ji* coat. AJnga 40<3 
ilium. 


n«.*vidopnii'nt nrnl fertiliisution of HpoPfH of 

rrjtirtfloiniM: a. iniii'P Hpori*-8Mf Imrsl- 
ing from tin* outrr mn* nnd hIiouI to libi'nitt* 
tln-Hpori's; ft, iifm* Hpoiv* fd»‘\i>id of ci'llii- 
losfoout) rtiirrouiidod by sp<*rmiit<»zou]M ; r, 
im]>r«’f;nat(‘d upon* with n cillulom* coat.; </, 
till* Mian* genninuting. Mugn. lOU iliani. 


This takes place in the formation of the parent cells of tlie pollim, in 
the cells of the paveneli vmatous tis>iiesof the centnil v»*frion of the niiiheT, 
and sometimes, but iiot jilways, in the formation of the polleii-iiraiii.s. Tt 
appears to occur al.*'0 in the form ititoi of the j-nrenl ei‘118 of iht^ sjaires of 
Z^losses, llepatiea\ 1‘Vrns, iS:c. If the separiitecl protoplasm e««ea])e and 
assume an independent career, the foniiatiuii is by isohifum or sej^repiitiou, 
as before ex])laiiied. 

A case closely analojrous to this is where t/w whole eonfeyits of the 
parent cell become ])aited into four or more portion.**, collecliAely fillinj^ 
the parent cell, but frijc from it, so that when they secrete their meiiibraiies 




tln‘v Ixicoiuy 80 many froo colls, wliich escapoby the bursting or solution 
ol‘ tilt! parent cell. 

This case Dciuirs fivqiuuitly, with the ])r()fluction of h)ur cells, in the 
devehjpnient of pollen-;^i‘:iiiis and tln‘ sp»»re'. ef the higher (h’yptogainia, 
Simnil lines ihere is a curtain hTi*gnhirit\ in sucii cases, tlie parent cell 
tiitlier becoming really chambiTcd by ccll-tli\ ision, aud funning one cell 
in eaidi of the four chambers, or at once givinj^ birth to the foui' free 
daughter cells. 

Other inslanct's of this inoilificntion art' found in tlie dendopmenf of the 
S])oies of lhi‘ a‘*ei of Jjicliens and ^Ios>;i‘s, ajiparently iiKo in the, tdra- 
spores of Fiorith!;e. 'fhe devtdopinent in this way *>f new cells which 
es<*a])(‘ from the parent cell as naki'd utricles is ohser\ed in the spores of 
Fuciis (IJm. oDo ), and in tlie zoospores of many Oonfervoids, which are 
formed ill fours in each c«‘Il ( Colrorh(eti\ Ac.). 

'Pile res(»lulioii t)f Ihi! whole ctuilenis of a cell into a great mimher of 
friM! (‘elLs occurs in thc! Ibrniation (»f the \en nuiiu'itnis y.tiospores of ('ia- 
diijihora (lig. r>lL\ 0, d) and Arhhja^ with tln‘ formation of the new cell- 
nnmibrane after their escape from the ca\itN of iImj parent ; and what is 
olwerved in the'*!* ca.«ies leails Ut the <!onclnsion that a similar mode of de- 
>elopmenl, going on to the coinph*liou of tlio cells within the ]uirent, 
occurs in the formation of iJie parent cells of the spi rnialo/.oids or anlher- 
idia of the higher Cryptoganiia, where, a great ninnher of minute frei! 
ci‘]1h are develojUMl, and are fomul free in the lauits of a large ]>are.nt cell. 
'J'he formation of the new fronds of ITjfdrodivUfoit is a remarJvahle- cast* of 
the res<*luti(>n of the whole eoiitiaits of a cell into a vast mimber of free 
ct lls, which actpiire (heir cellulose coats and cohere into a new network 
within the par<*iit cell. 

ill the formation of tln! germinal ^e.sicles in tlie eniliryo-sac of the 
Pliaiierogaiiiia, and ]U'obably in the cell corresponding to the einbrvo-sac 
in the archegonia of the liigher Crypt t*g*:iiiiia., ti purtiot) unhj of fho /?>•«/»>- 
pld/imir tmhMoinr of the parent ci ll lakes ])art, becoming isolated in llu! 
form of one or more (usually three in IMianerogaiiiia) grlohiiles (lig. ot>4, A ), 
one (or sometimes two) of whieh aetpiires a cellulose memhrniie and 
forms tlie iirst cell of the embryo, or its siispcaisor (lig. 51)4, I>). The uew 
cell is here often very much smaller than the parent cell ; and tliis case 
thus olh^rs the clearest and most striking iii.stunce of frue-ct*ll formation. 

In the cmbryo-sac of ninny of tin* Phanerogamia we observe, sub.se- 
qiu'iitly to iiiipreg-iintion, a process of fre(*-c(!ll foriiintion of a peculiar 
kind, the protoplasm of the euihr\o-sac breaking np by degrees into iiiinie- 
roiis corpuscles, wJiich sncces.'^ively form cellulose coats, and apiily tlicm- 
selves to tin* wall of the embryo-sae, until the layers meet in tlie centre, 
and the ^\h(»le sac is tilled nji with a purenebymatous tissue, the cells of 
wliich (emhtspt'nn-crlh) are at first v<*ry loosely colu^reiit. IVrhaps the 
parent cells of the spermatozoids are formed in this way, in the cells of the 
anfhe,i'idia of the liigher Cryptoguiuia. 

Tlie formation of the actne zoospore of Vauc/it'rin is really a result of 
the isolation and individualization of a portion of the contents of the 
parent cell, since here the whole plant is one gigantic cell j but this 
case is quite diliereiit from the developments included in the preceding 
paragraph. 

Free-cell formation occurs cither with or without the presence of a 
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nucleus. If a uucleiiK bo orij»:iiuilly present^ it disappears, or bocomos as 
it wore lir^ueiiod in a mass of protoplasiu which, frnin iho admixture of 
cell-sap, becomes frothy below, theuppi*!’ portion becomin‘» c»)iidejiMHl and 
granular. Around certain portions a cell-wall is formed as jast exjdaijn'd. 
Other portions of tlie protoplasm become liquid, forming the so-called 
vucHolas. 

Ihvdojmh'iit of vt'ssfl};^ epidannh^ cjv. —Tim dilforenl forms of 
vascular tissiKi, iiududiiig th(‘ laticifcrous vessels, originate from 
(‘oils. Tho jnosl usual course is for a iiuml)OP of iiiort' or h‘ss 
oblong cells to range tliewiselvi's ojid to end in longitudinal sm'ics ; 
after a tinm the partitions bid \vt;:*n the cells are broken down or 
reabsorbed, and :i eontinnous tube resiills. Thtnniinediatij indiieing 
cause, anil t lie precise manner in which (he partitions are absorbed, 
are not kiio\\ n. 

Till* i^pidt^roHil cells an* in (lie lirst instance usually smalliT (ban 
the other parenchymatous cells, and mure closcily paidted together. 
'They are at tirst spherical, or nearly so, but shortly . assume the 
usual Jlatteiied character. 'J’he epidermis is at lirst deslituti.* of 
stomata ; but these organs are gradually developed in the iuaiiu(;r 
described in the J'oliowiiig paragra[}h. 

Development of Stomata. — Jn certain of tho cells tho nucleus 
previously in <,‘oritact with (In* coil-well h(*comos defaclied from it, 
and subdivides into two nucleoli; the paivni cidl-uall limn forms 
a septum bet vveiMi them; and thus twoeoIJs are formed in apposition, 
tlie septum being at lirst single, but subseijuently spliMing so as 
to separate the two daughtm* cells and lea^e an opening (sfonirt) 
befwimn them which communicates with a wide intereidlular spacii 
beneath. »Sonit?times (.‘oil-division occurs in the above maniior, 
without the appearance of any iiueleus ; but the parent anil 
daiighl(*r cells, unlikii thi^ other epidermal ceils, always contain 
chlorophyll. Thii intcriMdliilar canals, ami canals for secretion, 
originate in a similar luaiuier to the stomata. 

Sect. 2. Development of the Seedling Plant. 

Tho formation and mode of development of the embryo in 
Phaiierogamia will be hereaft(?r alluded to. In this place it may 
be well to allude briefly to the principal phenomena witnes-^ed in 
the giirmination of the einbrvo-plaiit. 

Germination of Dicotyledons. — The germination of thf* lunbryo, 
considered in its morphological aspect, begins by the protrusion of 
the radicle (p. 156) in a downward direction, subject to very few 
exceptions. The structure and formation of the growing point 
has already been alluded to. After the radicle has protruded, or 



592 


PHTSTOLOOT. 


siiniiltaneously with it, tho two scod-leavcs or cotijhdona (p. 150) 
gradually onicTgt^ from the sml-coats, being raised by the growth 
upwards of tho thfelhim^ or hypoeotyledoriary axis (fig. 590). If tho 
8cod-leav(3s are thin and h*afy they aro push(*d up above ground, and 
b(30ome ephjml^ fulfilling at ono(i the functions of true leaves. If 
they are thick and fleshy, they generally remain beneath the soil 
or, at any rate, do not perform tho functions of leaves 
but only of store-houses (tig. 590). llotween the t\vo cotyledons, 
at the summit of th(» tigellum, may be seen tho plunnile or rudiiuon- 
tary bud enclosing the f/rowuiff point by ineans of which the stem 
elongates. Axillary buds, each with its growing point, are some- 
times produced in the axils of the cot yledons. 

Th(i gonmd process of irermiintionin Dicotyledons is subject, to various 
iiictdiiicati(jn.s, such ii.s liu? union of the two cotyledons in Anononvy 
Aronihtm, &:c., Ilu! growing point then mnkiiiir its way through a slit or 
aperture in the stalks of the cotyledons, whicdi hittcu*, in such cases, often 
reiuiiiii within the seed. In (hfchnnni there is but a single c«>tyledoTi, 
w]iil(» in other cnse.s no truce at all of cotyledons is visihl<‘, the embryo con- 
sisting tlu*n Ilf a tliick tigellum, oiu? end of which tapers iuo a radicle, 
the other furiin a stem as in some Myrtiuieie and Clu.^uiee®. 


Fig. 590. 



(romiination of the UfAti. 

T. ; tho Mack mark n( tlu- lowi-r t-iid ia (In- Iiilum. 


ir. t)utfr HiirtiM'e of i*mbr\o, tho accd-i.-oul rnuovod. r, rotvlcdon, r, rAdioIi*. 

III. Cotyledon Heparutod from i(.>» fellow and Bri*n from w’ithin. [tiuinuli*; r, rndiclo. 

IV. Shows protrusion of nidido and plumule ; the cot3'U‘doaB still partly enclosed within 
the seed. 

The development of the ao-callcd premorse root and the formation of 
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thft fto-calloi tufted stem are illustmted hv the ^erminatieu ef the Cow- 
slip as observed by Mr. ll(»lland. The seedling- (ti;L^ r)J)r,A) pu-jiiiiiate?* 
in the usual way; .but, after a time, the wei^lit id’ the rapid ly-^rowinjr 
plumule causes the ti^ellum to bend downwards and become more or 
te«>s horizontal. Adventitious roots are tluui thrown out from the top of 
tlie ori, urinal ti;?ellum, which gradually docays away, and the seedling 
st.jjre is comph'tcd. 

Tlio si/e and api)earaiice of the tigelliun vary very timch : sometimes 
it constitutes ii'Mi-ly the whole' of the embryo; at other times it is 
at first rolatiVelv small, but is afterwards dilated into tuberous root- 
stocks and .similar formutioiLs. 

Fig. ol)7. 



Gonuination of Cowulip A . First sUige u itti rudiule, tifrollum, two leafy stalked 
eotyiedons, and pimnuk*. IL Sneond stage. {Ute tt^xt.) 

MonocotyledonouB Gerxaiuation. — The rotUcle protrudtts through 
a eoleorhiza or root-sheath. Usually it speedily ceases to grow, its 
place and functions being assumed by numerous secondary or 
adventitious roots, which also burst through a root -sheatli, whence 
IVIonocotyledons are .sometii»ics called endt*rhizalj in contradistinc- 
tion to IHcotyledoris, which are exorliizah Sonic of tluj latter plants, 
however, e. g. Tmpceolum^ have a distinct root-.sheath. The single 
cotyledon is either applied to the side of the perisperm in the 
form of a shield-like body, as in most Grasses, or it is enclosed within 
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the peHsporni,a8 in most Palms, 
the pliirnul(3 bursts throujj;h a slit 
ill the side of the stalk of the 
eotyiedoii, vvhirh is protruded 
from the poris[)erm. In Orchids 
mid sorno other plants the em- 
bryo is at first a hornoi^eiu'ous 
body without differoiitiation of 
liai’ts. 'rhe (‘orrn of Arum Ha- 
firtim is formed from a dilata- 
tion of the ti^(;llurn. [q this 
])laiit the radicle is first pro- 
1 ruded as a temporary tap-root , 
tlien tlie loiij^ tubular sheath of 
the cotyledon appears, t lie blade 
of the <-otyledon Ix'inf' of globu- 
lar form and retained within 
t he jierisperm, as in many other 
jMoiKM'otvIedons. At the base 
of tJie slu»ath of the cotyled(»n 
may b(^ sihmi the phiinnle and 
the origiiuilly small tig(;!him, 
wliicli lattei* gradually dilates 
into a oorm. 


the Onion, <&c. In the latter case 
Fig. 598. 



Sect. 3. Devemij’mknt of the Stem, etc. 

'.riie general stniidure, arrangement, and mode of development 
of the lihro-vasenlar humlJesof th(? stem, roots, and leaves has been 
alluded to in jm^vious paragraphs, but in this plaee it remains to 
gi\e a general inditation of the mode of growth and chwelopineiit fif 
tie organs as a whole; and for this puipofco reference may be 
brii'tly made to the (frowuu/-][toiuts, or jiuncta veijetaiionis, hy means 
of which the growth in length is carried on. 

Growing-points. — Jn the case of PI>nnerogamia these grow'ing- 
points JM’o situated at either end of the seedling plant, that in which 
the direction of growth is u])\vard forming the stem (fig. 599), that 
in which the dinvtion is downward forming the root (fig. 5Sff, 
j). 5>it>). The lateral branches originate in similar growing-points, 
which constitute the cssoutial part of the buds, 

Tho buds, in the first instance, are little conical eminences, consisting 
exclusively of celluLir tissue, the constituent cells of which speedily 
mrige theiiiselves in threodi visions, which may be termed central (plerome), 
cortical (pcriblein), and •ipidcniial series (dermatogen) : p. 615. Of tho^e 
the central scries form the mass of the young lud ; its cells divide at first 
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in all directions, but aubsequeiitly in linear series ; the epidermal cells 
di\ide by horizontal and 

• - - Pirr, r>lM>. 


paralbd subdivisions ; tlie 
cells of t he iiiterinediate cor- 
tical stn-ics, in the first in- 
stance, ^'•row more after the 
fashion of llie cmitral ctdl"!. 

AVhcn leaves or branches 
coninieiicf* lobe formed, the 
oiiU‘r cells of the central 
nia>s dividi* by loiijritndinal* 
partitions at the same time 
that tla* central mass itself 
exchaiijres its conici 
cylindiieal form, 
c.onstituliufr the nudulla or 
])il h. 

'I’he form and 
tliesj*^n’o\viiij?-[ 
inaterirtlly upon tln5 form of 
tin' primordial cells, and on 
the direction (lonj'itmliiial, 
transverse;, or obll([Ue) of (^remin^c-pumt ol (afu r Huoliw;. 

their piirtilioiiM. T1 fonil 


mass use It 
mical for a 
, nltimatel\ 
nu dnlla or X-O 

and ])osition of 
^-poiutsdepend y 



ami mode of branching: of 
the stem deptmd also, in a ifreat dej^rt'e, upon the position and arrangement 
of the buds. 





A, (?rowint'-|ioirit of f'httra (nfter Sashs) : ^ torminitl c<?)l, from whi<'h art* form«'i1 /r anM A, 
wl)u;h lnll.i«r (notlal erlls) are ilivided lon{;itiitliuull\ , in. itelim ihia in another 

aiiiifle eelJ (g) i-allrd an infcernodal cell. ThJa la followeil hy mvi, nodal rclU. ICat'h 
cell is nueleaU'd. The internodsl cells (g) incrosse in length, hut <lo not divide. The 
nodal cells divide so as iiltimatety to envelop the internodal eelJs. From A the eelJ- 
contimts have been removed ; in E the protopluuiiic and chlorophyll fp*nnuleB are »t‘en. 

^ Misled by certtiin appearances well calculated to produce a false impres- 
sion, botanists at one tune attributed the formation of woody matters in 
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root and Btern to a ]n’Ofri'o>‘4ivn downward p’owth : thus the new crlls 
were su]»i)OS('d to ])e formed from al)ovo downwards. Jt is not neet*ssiirv 
t(» slate tlie nrjriimeiit on ’wliieli llns theory was based, ns it has been com- 
]deteJy set aside, bv tin* researclies of Ti'ee.ul and otht*rs, whicli whow that 
the now tissues are formed at the spot where tlniv an* seen, and are not 
formed from aboMidowinvards. JJoth bark and wood ci>()})ernto in the 
formation of mjw Avotid; and either of them may form woody or cortical 
tissues without the iiilerveiilion of the other. 

There is reason to belie\e that the •r*’'‘*wth of the stem of trees takes 
])hice ])rincipally in llie summt*r months, ofl(‘n in a few weeks, and that 
coiuparati\(ily little increnM* takes place «‘il'lier in sja’infr or in autumn, 
thoujrh in tJie latter period the iiewjjrowths are consolidated. 

Growing-points of Cryptogamia. — (Vv])t ogams fnuiucmlly, but 
not universally, dilTcr from Phaiuu’ogaius, in addition to oilu'r 
lunttcrs olsewliere r(‘l'eiTc‘d to, in the cinuiinHtaiK't; tliat tlieir grow- 
ing-point terminates in a single apical all (lig. tiOO), frojn the 
repeated subdivision oL‘ vhicb in various directions tin* stems, mots, 
and tIuMr subdivisions originate. No sneli solitary apical cidl is 
vnei with in Phanerogams, but a grou]) ot‘ cells, as just alluded to. 

Sect. 4. DjiVELOPMEXT AND (jltOWTU OP THE K(M)T. 

The general structure of tlie roots has lH.*en pn‘viously men- 
tioned ([). It is, however, rtMiuisite in this j>lace to alliuh‘ 

to the <*ourse of development as seen at the grow iiig- |)oints, which 
has been made the snlijt^ct of invt'stigation hy N.-igeli, Ltdtgt*!), 
JIaiisteiu, lieinko, and others, especially tlanczewski. 

In VfiHCHhir Ciypiofianis tlu* <rro wing-point of tin* r».H)t is marked by a 
single apical ccll,\v}iicli uiidcrpoc.s division in two diilcront dirocthms, 
ebrupielv nnd trai inversely. 'J'lio new cells formed by C)hli»pie segmenta- 
tion go to make up the body i»f the root, wdiih* the c(*11h formed by trans- 
verse division go to constitute the root-ea]>. 4’hc tcrmiimi cell of the root 
(as of the stem) in livcopods varies in sha^u*; soiuetiiiies it is a three- 
sided pyramid, soniotiiiies a foiu’-sided pyramid, .sometimes it is lenticular. 
Tin* direction of ramiticatioii of the roots of thest* plants (also the phyllo- 
tuxis of the lenve.s in tht* ease of the stem) i.s intimately ns.sociated with 
the form nnd mode of subdivision of the njtical cell. The elongation of 
tin* body of the rotit is descrilied by Nageli and Leitgeh as dm* to succes- 
sive divisions of the tenniiial cell in a .spiral din»ctiou, the diriictioii of the 
spiral being usually dextrorse and homodi'oiuous. 

In Phanerogaiua there is no single apical cell, but a group of cells of 
the an pu * relative ago nnd order. Jauezewski arranges roots, considered 
with refertmee to the growth of thtur gro wing- j joint, under five lioads : — 
1. U’lie gi’o wing-point is made up of four primarily independent tissues, 
the root-cap, the opidenii, the cortex, and the central cylinder; the roots 
of Ili/drochains Miirsns Ranee (Frogbit) and of THnUa IStraliotes belong 
to this type. 2. The growing-point is destitute of epiderm, the out(*r 
layer of the cortex answering the piu-pose : the roots of the Onion nnd 
of many other Monocotyledons uiford examples of this type. il. The 
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growing-point is also destitute of opidenn, but its place is supplied by a 
layer produced from the same tissue ns that from wliieh the root-caji is 
formed: this form is common among Dicutyledoiis. 4. Tlie primary 
tissues are not distinctly ileliiied, except Jiloiig a transverse layer of growing 
cells or generating layer: this type is also met with in J>icot\ledons 
(Ijegiiminosie, (^ucnrbitacea?), /). 'Phe root consists of two tissues 

only, the central cylinder aiul the cort(‘x, wliich latter fullils the oifice of 
th(‘ root-cap: to this lust type l>elong the roots of (Tymnosperms; the 
root^cap as a primary tissue has lu) cxistemcM* in these ])hints. 

Root-cap.— ^I'he roi»l-eap is formed from u layer of tissue, distinct from 
that eonstitntiug the body a( the root (p. ooO, tig. oS.‘3). It grows (exci'pt 
in the first typo) hy means of a generating layer, which is cast off whm 
its functions are complet'd, uith the n»st of the dead portions of the root- 
cjip, as in the seeoiid type', or is imiueeliately IranshaMued into t!piderinis, 
as in tlie tliinl and fourth types. In (Tyinnoapernis, as has bee?i alreinlv 
stated, the trin* ro(»t-cap, as an inde'pmideut tissue, (hies not exist (liflh 
type ). In Vasc'ular ( 'ry ptogams the new layers of the root-cap are derived 
from the transverse di\i>ion of the solitary terminal cell. 

Epldormls.— 'Phis is generally indistiiiet, and iimy he altogether wnnf- 
ing, as in (t\ mnos]n‘rma. It is rarely independent (first type). It arises 
from the transformation of the (mltrcortieal layer (s»‘,cond ami fifth types), 
or from the Iruuaformaliou of the generating layoj*, as in tlie tJiird ami 
fourth typ(‘s. 

Iti the Vascular ( Vyptogams, tlui epidermis becomes diflerentiatc'd after 
tlie central cylimh'r, and does not divide into diilevent lny('rH, except in 
tJie cas(‘ of some Kerns. 

The Primary Cortex is a tissue always distinctly sr*parated from the 
central e\Hmler. It couMsts at the apex of tlie root of a single layer mado 
up of a very small uumher of eidls. further fnmi the apex tlie cells di- 
\i(le and suUlivide, so that sevcnal layers uri‘ there formed, gi*nerallv in a 
centripetal din'ction. 

The Outer Cortex of eolleiichymntons cells is always asccondarv forma- 
tion, either from the outer portion of llie primary c(»rtex or 

it resultvS from the development of the cells beneath the e])iderinis in a 
centrifugal manner {Stmtwten), 

111 the fifth ts pe the, coHex is thicloT at the apex than at the ])criph('iy 
of the root; in tho fourth type it is derived from a transverse goner;iiijjg 
zone ; so that the mtide of growth of these two types is (piite diflereni from 
what it is in the three preceding ones. 

In Vwirular ('rypitHjatm the /one from which the cortex originates 
divides into two layers ; tlu^ outer forms the outer eortex by rept'afed sul;- 
division in a centritiigal direction, while the iinitT layer consists of cells 
developed centripetal ly. Intercellular spaces (jiily occur between the cejis 
of th(i inner layer of the cortex, and not between those of the outer layer. 
1'he root of Vascular Ciyptogams resembles that of Sfratiofes in its two 
cortical layers. ^ ^ 

The Central Cylinder is composed in tlie three first types of an axile 
vascular bundle and a neriplieral zone. In the two last typys the cylinder 
is homogeneous at tne summit. The pn'ivamtmni is always early 
distinctly defined, and consists g-enerally of a single, raivly of two or more 
layers of cells. While, then, tlie growth of the root of Vascular Crypto* 
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^aiiiSy by moans of a aiiifrle torrainal cell only, is quite dillerent from that 
of IMiancro^^ams, yet the subsequent development of tho tissues takes place 
in much the same way. 

Devoloiiment of Rootlets. — This takes place in vaiioiis manners, and has 
not yet been thorouf^hly worked out. In all cases the central cylinder of 
tho rootlet arisw's from the p('ricanibium of the parent root. The root-cap 
is derived from the inleriuil cortical or protecting- layer of the parent root. 
In Gymnosperms th(^ peric viiibiiini is developed into tho central cylinder 
and the cortex of tlie rootlet, wJiilo in Papihonacea? and CuciirhitacesR it 
forma thti central cylinder only. In Vascular Cn/pfof/aim llib terminal c<dl 
always orifrinates in the iniuM* cortieal layer'of the parent root, and the 
pericambium does not play so important a port in tho development of the 
tissues as in the case of Flowering plants. 

Adventitious Roots nsiiiilly, hut not imivcrsally, occur in places where 
the atmosphere is warm, stagnant, and loaded with moisture. If a ring- 
sliapi'd pie-oe of bark be*. iak('n from the stem, roots an* formed from above 
the wound, but not from below — a circiiiiistanee supjiosetl to be due to 
the accumulation of organizable matter above tlie wound; but by others 
it is considered to be owing to the absence' of oxygen. l*ortions of willow- 
stems decorticated as above described and grown in water will produce 
roots below the incision if exposed to the light, and none above the 
water j and by coveriug the* glass Avitli black paj)i*r, and thus preventing 
tlie access of liglit, JSI. Iliilim lias sncceed(*d in reversing the phenomenon, 
'rile portions of the sleui in the water have been found by experiment 
to give out oxygen under the iniluence of light. 

Direction of Growth. — 'fhe downward dirirtion of growth of tlie roots, 
ns coutrasUHi with llu' goin‘rally upward growth of the stem and its sub- 
divisions, is one of the nnist remarkable phenoimma of plant-life. In the 
case of the root, one principal rt'ason for the downward growth is the. 
jiToater ninnnnt of nioisUire received from that side. 'Die root grows by 
development just within the apex ; and tin; multiplication of the cells iii 
that situation is dependent on a free supjily of moisture. The instances 
of roots of trees growing in the direction of watercoursi'S or drains illus- 
trate this ; and Avlien plants are grown in close glass cases their roots are 
sometimes seen to rise above ground when the eoniined nlmosphore is very 
moist. Wo have more than once observed the roots of bumms plants, 
growing in water or in damp sand, coil tlieinselves in spirals. Other 
assigned reasons are dejieiident on the circumstance that the soft yielding 
extremity of tho young root penetrates the interstices of the soil, and is 
pushed down by the dilatation and expansion of the older })ortioii8 above. 
The diiwnwarci direction of the root-hairs, when present, would also 
facilitate downward growth, and prevent the root from being pushed up. 

The action of gra> itution lias also l>cen considered to have some inHuence 
over tjic downward growth by causing the sap to accumulate in the lower 
parts of the plant, and also tho varying degrees of turgescence manifested 
by the tissues in tlie dillerent, regions of the stem and *)f the root respeo 
tivel}^, pith, rind, &c., such tension being directly dependent on the acti- 
vity of the nutritive processes in the growing tissues. The direction of 
growth depends, according to Kmus, on the circumstance wliether this 
turgescence be uniform or iine(]^ufil or more in one place than another. Tho 
combined action of the causes just mentioned is supposed to account for 
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tlio varying diroction and curvature of the orjjfaiifl of plants; but this ex- 
planation does not appear to bo wholly satisfactory. The subject will ))e 
further considered in subsequent paragraphs devoted to the effects of 
gravity, geotropLsm, &c. 

Sect. 5. Development and Growth of Leaf-oroans. 

PhylloniGs (and all their mefamorjihosed forms, such ns the parts 
of the flowet;s &e.) originate laterally just beneath the absolute apex 
of the stem, by eell-divisicyi of a single cell in Vascular Cryjit ogams, 
of a group of cells iu Pliauerogains — which results in the defb»el iou 
to one side of a small group of cells forming a conical ]>apiila, or 
the formation of an annular collar (sheathing-leaves), which deve- 
lops into an independent lateral organ. These leaves arise ituU- 
Jiuiidy^ or acropetally, the topmost lieihg the youngest, in ord(^r 
regulated by the laws of Phyllotaxy. 'Fhe papilbe from whi<*h 
leaves originate are at first wholly cellular, consisting of j)eribh3in 
covered by a layer of derjiiatogen cells ; after a time elongated cells 
are formed in the ccuitre ; and these are followed by spiral vessels 
formed in a direction from the base upwards. Asa rule, tb(3 first 
])art of the leaf formed is its jioint, which is gradually pushed out 
by development at the point of jun<*tion of stern and leaf. The 
apical growth of the leaf is genemlly soon arrested, but interstitial 
multiplication also occurs iu different parts of the leaf (especially 
in stalked l(‘av(3s). 

The piisliing-eiit of the leaf hy developiDeTit at its base may ho wc‘ll 
observed in Ibe leaves of flyiiH nib-bulbs develojH'd in early spring. Net 
only are ilio tissues (('pideVinis, iKn;.) younger belo\>, but tlie relative 
growth of the parts may l>o d(*inonstra1ed by making a mu'ies of marks at 
equal distances up the leaf and watching the proportionate (ixtent to 
which they become separat(;d. The same process gives very instnictivi* 
r('sults when aimlied to the mesisiireraent of the growth of tho roots of tlie 
same plants, and is easily cairied out with bulbs grown in glasses of water. 

The basilar or himipvial inode of leaf-formation above described is that 
which is most frecpicnt; but in some instances tho apex of the leaf, instead 
of early losing its power of growth, continues to grow and develop new 
cells in tliat situation, the cells at the bast* of the leaf, in these cases, being 
the oldest. This mode of leaf-formation is called hadfuyal. 

Those modes of l(Mif-f(3ririation may be well soon in the case of lolnid or 
compound leaves. Thus in the Rose or i’assion-llower the terminal leaHot 
is tirst formed, and the lateral leaflets aft(3r wards from above downwards, 
according to the basi petal ])lan. In Mahunia and in many rii3gurainosm, 
such as the Garden the lower leaflets are formed first and the others 
subsequently, according to the basifngal plan. The lobes or notches of 
simple leaves are iu like manner formed in one or the other of tho methods 
just alluded to. The stipules are often developed before the leaf-blade ; 
when othermsp, they are probably lateral developments from the petiole 
rather than eepai atc organs. 
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Sorac'timeH thn two modofl of leaf-formation above doBcribed coexist in 
tho same leaf ; that is to say, the loh(‘s of a leaf may bt? formed from above 
downwards, wdiilo the nerve pafisiut^ intf> each of them gives oil* its branches 
from bolfAV upwards. 

The opposition, alternation, or spiral arrangement of organs 
depends on the period at which they are de\ eloped : thys, if two 
or more leaf-ortrans he developed at th(5 same time and in ecpial 
degree, a \vlu)rl is produced; if the development be ^ucirsirlvc, not 
simnltmieims, the organs are then arranged alternately or spirally. 

Development of the Parts of the Flower. — The evolution of the 
parts of tll(^ flower tabes placid after the same gimeial fashion as 
that just mentioned in the case of leaf-organs in g(*neral. I’Ik* 
causes producing irregularity and de\iations fnjin tlu* typical floral 
s\Tnirictry have been already allud(?d to fp. fU). Jf should, how- 
<‘ver, lu' reinemluu'iMl that ihos(i irregulariti(‘s are oft(‘n congenital, 
/. e. ('A'ist from th(^ very beginning; in other cas(‘s, tluj symmetry is 
j)orf('ct at first, hut becomes subscMjueiilly irregular. ^J'he coii- 
g(»nital arrang(‘m(*nt not only shows the earlie^st stage of the indi- 
vidual flowt% but it gives an indication of the ancesfral condition. 
A tlou'er becoming irregular in course of growth, sugg(*sts that the 
primitive type from which the flo\v(‘r in question has cl(?s(M*nded 
was regular, the irregularity accruing from adapiation to pariienlar 
conditions during growth or to special r(M|nireincnts. 

(Uth/A \ — If the sepals are indefinite they originate spirally; if definite 
llie> are cither equal or unequal in jnuiiher. If equal, the nienil)er.s of 
em*h pair originate! aimultniu'ocisly, tlio lowerino.Nt pair first. Tn a 
pentanierous calyx, developed on tho | plan, it is jU'Siinu'd by Payer 
that one part of an originally quaternary tlow^(‘r is divided into two. I'lius, 
if there are two hracleoles, ns priniously exjdnined, and two pairs of di!- 
eiissatiyg sepals, tho anterior sequd of the lower pair (seo p. 80) becomes 
divided, and one of the two subdivisions is low^er than the undivided 
posterior sepal. This low’ost sepal is No. 1 ; the titlier subdivision 
IS placed "a little higher than the posterior sepal, and is No. .T; 
the posterior undivided sepal of tho lowtmuost pair is thus placed 
between 1 and ??, and is tlierefore No. 2. The tw'o sepals of the upper 
pair are 4 and 5 respeetively. Tho sepals 1, 2, 8 belong thus to tho 
lower sfuies, 4 and 6 to an upper one. If, liowovcu’, there arc cither no 
bractcoh'H or twm ]iairs of hractcoles and an originally (juatemary calyx, 
it is the upper pair of s(‘pals wdiich is antero-posterior, as in Epi- 
iolnnm, Tlie anterior sepel divides as before, to form Nos. ii and 5, the 
posterior sepal being No. 4, and the tw(v lower lateral sepals 1 and 2 re- 
spectively. There is, however, no imee of sjditting, and it must he 
assumed to be hypothetical. The development of the ^ arrangement 
from the formation of intemodes betweem primitively decussate and oppo- 
site leaves, as explained by Ilenslow, scjcnis the more probable explana- 
tion (p. 48). 
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Co7'oUa . — The petals usually orijrinate after the sepals in successive 
spires, or, much more commonly, in simultaneous whorls. In the case, of 
{jramosepnlouB or {rnmopetalous ilowers, the sepnlino or pi^taline tubercles 
usually originate Irc'cj ami from above downwards, beiii^ afterwards raised 
from below by the pvowth of thetiibe. The tube then, in such cases, does not 
(Consist of cohn'enf. parts, as is Hometimes stated, but of ]tarts partially 
arrested in their development, and consequent Iv not separatt^d. In other 
eases, (‘Specially in the carpcdlavy whorl, the tubular portion is thrust out 
from the axis prior to llie formation of tubercles mi its fn^e edire. 

6y^/niewi(.-»-Thesc orijrinate either Rpijally or in whorls, usually from 
below upwards, or from ^circumferenei* to cetilre; if vertieillati! they 
always appear simultaneously. Accordinj^ to Payer, the stamens sjdit 
li!f(‘ the sepals in the J armn^^ement ; and this certainly occurs in tlic case 
(if some polyaiidrous tlowors, e. Voh/f/fmttm. When* tbe]‘(? ar(' two 
wli(.)rls, generally the outer, but at other times tlie inner, is (1(‘V( ‘loped 
hrst. 

Cunqmmd stammSf or phalanges of stamens, originate as simple tuber- 
cles, from tlie. si(b\s of which spring the sccoiidarj^ staminal tuhercl(*s 
from above (lowiiwai*ds. as in MaU(»ws. Sometinu's one or more lobes or 
( staminod('s) ar(‘ jmtherb'ss ami ])etal()id : thus iii some cawses we liav(* an 
arraiigeiiK'ut like that of an imparipinnate biaf, the tiTininal lob(! peta- 
loid, Urn lat('ral om's antli(‘rif(*roiis. TIk^ whole cours«‘ of develo])ment 
in such cas('s precisely rcseuibles that which takes place in the compoimd 
leaves of some Pii>si()ii-Howers or of the Itose. 

(rijnceduni . — The cnrnt'ls arc devejhuxjd after t^ie stamens from small 
tula'rclos, at iirsi free, but aft(‘rwardH (in syncai’jious ovaries) hefomiiig 
colienmt. 1'ln‘ original tiiher(d(* is more or less spheroid; hut as gr(»wlh 
goes on, the marginal portions grow more rapidly than the central por- 
tion, as in the cas(‘. of a condnplicate leaf, so ibat a gi’oove is formed. In 
due lime the margins unite, uiul thus the cavity of the ovary of an apo- 
c irpous pistil is l‘ornu*d; the ovary in a syncarnons pistil is formed by the 
blending of the margins of adjacent earp(ds. jTic styles art; forjued from 
the lengthening of the iqiex of the ovary from h(;low upwards. In the 
case of wz/ivVor ovan'vs lln^ ihalamiSj instead of remaining move or less 
conv(‘x, becomes concave and cup-sluiped by the great(!r proportionate 
gi’owth at its circumfereTiC(\ The car^iels originating from this receplacde 
h(‘C(mie thus more or less compU'lely concealed witliiii, and sometimes 
ndh(‘,r(‘nt to it. In some syjjcar])ous pistils, like tin; Primrose, th(.‘ oopels 
originate as a ring or shaliow tube, from wdiose free border the tubercles, 
which elongate into the styles and upper part of the caipels, are de- 
V( si oped. 

OcuIeK . — The ovule arises from the placenta as a cellular papilla, tin; 
nucleus (tig. (JOl). Around the base of this is formed a ring, which gru- 
(luallv lengthens from the base upward into a tubular .sheath or cf»at of 
the ovule, fe. The succeeding coats, which vary in number in dillerent 
plants, are formed in like manner, are wholly (‘.e.llular in the first instance, 
and sometimes penminently. They leave at the apes an unclosed portion 
or hole, tlie mivropyle. JIuring the grow'th of the coats of the ovule a 
change in direction usually occurs, so that the ovuhj becomes inverted. 

The true nature of the cWiih? and its origin are still matters of contro- 
verey. Hofraeister considercid that they arise like hairs from the epi- 
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diTiiiifl, and aro th('rf‘forf* to bi' rogardi'd ns Irichonifts, whilo others coii- 
sid»ir them to orif^inate bjiieatli the epidermal layer like phyllonies. 
A\'nrininii[’s view is that the ovules origiuato in the periblem, the derma- 


Fig. 001. 
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DcTeloitmt'iil of ovulf : n, j3rini:irv nu ‘Iriin. ut 0 ljy tlin pmiiiiifit and tiiis by thr 

Sf'uundint' (f) ; at d thr ovule lias beoorai' iinatropous. 

logon furnishing the coals. The embryo-sac is formed by a coll of the 
first layer of peribhMu. 'JMio ovules thus originate in the same layer of 
tissues as do true buds. The coats of the ovule are probably foliar, the 
nu(‘h‘us axiiil. 

'I’lie struclure arnl mode of devolo])menl of the pollen and of llie ovules 
will he furlluji* alluded to uuder the head of Physiology of the llepro- 
ductive Organs- 

Buds. — Those are ihe growing poinls enveloped by the lateral 
growths, \^hich, growing faster, evenliially cover ovct the point 
from which they sprung. Like hairs and li'aves, they are exo- 
genous, or formed by lateral outgrowths from a superficial cell or 
mass of cellular tissue (periblem and deriiiatogeu), and are not, 
like roots, ('tuhf/euous^ or formed in the inhTior of the tissiK'S. 

Ailventltions buds, liowever, lire formed. lik(' roots, in an endo- 
genous iiiannor, as also are the* shoots of E(|uis('taeea). It is re- 
(jiiisite, however, not to confound adventitious hnds w it h latent bitffs, 
which are truly exogenous and normal, save that their dovelopmout 
is temporarily or permanently arrested. 

According to Warming, the bud and tbo l(»af in whose axil it is 
placc'd ar(i organically imitt'd, and may be taken as parts of one 
whole, the two parts being developed to an equal degree, or dif- 
ferently, according to the functions they have to fulfil ; one may 
exist witlioul the otlier, or both may be present. According to this 
view, the parent leaf is not a priniary stage Ixdonging to the stem, 
and the axillary bud a s(H*oiulary phase of grow^th ; but the parent 
leaf is really tla^ first leaf of the bud itself, and of the same stage 
or degree of growtli as it. 

are only the developed buds. Their mod(^ of mmification 
has been before alluded to (]). 118). The only point that need be 
here alluded to is the ramijication hy partitii^a, in which tlie cells 
of the growing-point actually divide into two or more groups in a 
dichotomous or polytornoiis manner, as in Hydrocharis, the tendrils 
of Vitis vulplna, the scorpioid cymes of some Boraginacca), Ascle- 
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piadaceo), &(*. (Warming); but the cliHtiiiction between lateral bud 
formation and terminal dichotomy is bridged over by numerous iii- 
terinediale conditions. 

3^"rom what has been said on the morphology, structure, and 
mode of development of the several organs, it w ill be seen that all 
the organs of Flowering plants irjay be reduced to two 1yp(»K — 
that of the axis (caulowe) and that of the leaf (phijllome)^ with the 
hair-like projection from the epidermis {trivhome). But no arbitrary 
line, applicable in all cases, can be drawn between these, as tlaw 
all merge one into the other, or are connected by intermediate gra- 
dations. The distinguishing character between stem and leaf least 
liable to exception consists in the circumstance that a bud may bo 
and is constantly developed at the apex of the stem, while it next 
to never is at the extremity of the bliwle of the leaf, though it may 
be at the end of the petiole. 


CllAPTUli IV. 

ftENEBAL rriENOMKNA COKNECTJOI) WITH GROWTH. 

In preceding Sections a general view has been taken of the anatoniienl 
appearances and physiological phenomena presented by plants during their 
growth and devclopimmt. It will have been seen that the physiological 
processes alluded to are most iiitiiiiately associated with, and dependent 
on, chemical and physical ohmiges, for a full account of which rcd'erenco 
must bo made to cJuunical and physical text^books. While the ordinary 
student has, in most cases, ahiindant facilities for studying inorphelogy, 
minute anatomy, and avslcnmtic botany, he has rarely tlio opportunity of 
Billdying for iiiiiisfdf, otherwise than in books, the details relating to the 
chemistry and physics of vegetation ; and in not one of our schools and 
collegesis any adequate provision y*it affordf'd for this purpose. accouut 

•which can Co given here must necessarily bo of a very meagi*e character. 
The student who wishes to pursue the subject further should read the 
third and fourth chapters of the third Book of the English edition of 
Sachs’s * Text-book.’ 

Effect of External Agencies on Growth, 

A plant as a living organism, existing, feeding, breathing, grow- 
ing, and reproducing itself, is necessarily de])endent on many con- 
ditions, such as exposure to the atmosphere, access to light, to 
food, &c. It is under, the influence of light, of heat, of electrical 
currents, of gravitation, &c. And these agencies do not exert their 
influence singly, but in combination. The effect of the one is 
modified by that of the others. The living plant is never entirely 
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in equilibrinin ihroiip;hout if s whole structure. The action of one force 
prodiu-iiifif results in one direction is compensated for by the action 
ot* other forces produciu*^ results in other directions. The general 
result is a series of corrjproniises of a character necessarily varying 
accordhig to the relative intensity of this or that action. To dis- 
cs! itanglc» these mixed results, and to ascertain what are t he peculiar 
effects prodnc’ed by each agency, first separately, and thciu in c’on- 
jiudion with others, is the task of the physicist, provided with appa- 
ratus and instriiinerits of precision. 

Effect of Heat. — ^'ege table life is not (*arried on below the froc^zing-point 
of wntc'r, nor, as iirule, al)o\e oO^ C., although some seeds and the minute 
gcirius of (h'vptogama appear to bo cnpahle of retaining their vitality 
iin(h*r niuch more elevated tompt'ratures. Each plant, each part of a 
plant, and each function performed hy it, is carried on host and most fully 
at a cc'rtain degrcje of tempc'raturo ; it is chocked by excess in either direc- 
tion. Till.* limits within which healthy action and growth take ]>lace are 
neci'ssarily very didereiit in different cases. The gc'rmination of seeds, tlie 
production of flowers, the ripening of fruits, all the processes of life de- 
pend upon the degree of temperaluro. 'J'he succ(‘8sful cultivation of plants 
in the iitdd, in the garden, in lln* hothouse depends on the knowledge and 
practical application of this fact and of the (jognafi* ones derived trom a 
knowledge of th(5 effects of other agencies. Attempts liave been n\ndc 
to observe the loruperainre required for the germination of seeds, the pro- 
duction of leaves, flowers, <fcc. Thus, for th(‘ ripening of Wheal, a certain 
aggregate amount of heat is required fr<mi the jau'iod of germination totliat 
of ripeming. Other things being equal and within certain limits, it is im- 
material AvlK'tlier that heat ht* received in a shorter or longer period. In 
southern countries the crops ripen more quickly than in England, in bhig- 
land than in Scotland ; hut the aggi’egate amount of heat reejuired is about 
the saiiKi in all cases, 1 hough diffused over a longer period in the one case 
than the otlii'r. Vegetation in the extremo north is often etfected with 
great ra])idity ; for, aldiough the summer is short, tho amount of lumt is 
great, ami the duration of exposure to light, during the growing period, 
longer than in more soutlierly latitudes; hence it is possible to cultivate 
in the open air in the north of Norway Australian annual plants. 

The lowest teniperatun^ at wliich the grains of chlorophyll turn green, 
according to Sachs, is, for French Jleans and INIaize between 0° and 15° C. ; 
for Jiramca Nujms aho^e 0” C. ; for PimtH pivm between 7° and 11“ C. 
The liigliest f.emjierature at which leaves already formed and still yellow 
turn green was, according to the same observer, above 8.*!° 0. for the 
first-named plants, and above 80° C. in the case of the Onion. 

Exhalation of oxygen and assimilation have been observed by Bous- 
singaultj in the cose of the Inarch, at temperatures only just above the 
freezing-point. AVliat amount of heat puts a stop to the process has not 
been ascertained. True respiration or elimination of carbonic dioxide 
takes place, according to r)eherain,Wolkoff, and, Mayer, at a temperature 
considerably below that which is requisite for growth, being cairied on 
even below the freezing-point, and being manifested in direct proportion 
to the increase of temperature until a certain maximum is obtained, a 
maximum exceeding that whereat growth becomes arrested. 
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Efltoct of Light.— Tlio effect of Ikht on cblort)pliyll iiud the deoxid.i- 
tioii which takes place when that siihstance is ex])osed to its a^a'iicy liavo 
been already iM(3nti<)U(‘d. Hut exposure to light is oidy required for a 
certain time to allow of the storing up of reserve materials. This latter 
call bn utilized and gi'owth take plai^o in the ahseiice of light. White 
light is composed of various rays differing, not only in colour, but also in 
t heir inllnence on plants. AI ost observers, as 1 )aubon y , Hunt, 1 )raper, and 
Machs, have considered the luminous ( 3 *ellow) rays of low refraugihility to 
be the most potent in alle-cting the decompositiou of carbonic dioxide fbut 
I'imiriazeir and Aliiller assert, from recent expijrimeute with the sjientro- 
sco]M5, that the maximum of assimilation (Mjincide^ with the maxiinum of 
h( 3 ttt, not with that of luminous intensity. Carbonic dioxide isdecomposod by 
the rays which are absorbed by the chlorophyll, and of these the most 
potent are those which have tlie greatest heating power. This conclusion 
needs fui'ther corroboration hiilbre it can displace tlie geiuirally accepted 
view. 

The highly refrangible rays, blue, violet, t&c., influence the rapidity of 
growth, alter the movemenUs of the protoplasm, compel swarm-spon'li to 
adopt a dtitiuite direction to their motion, and change the tiiusiou of the 
tissues of tlie motile organs*’ (Machs, Baranetzlcy, Vieller, Prillieux). 
Thi3 degree of elfect pmduced by light natumlly varies, not only witli its 
quality, but also with its intensity. Ditluscd light, which may be sulli- 
cieui ibr the production of chlorophyll, is powerless to induce Uio further 
changes which result in the formatiou of slarcJi. In the case of th«>Be 
seeds (Chwuo/aw/ws, Conifers) in which the embryo, though still enclosed 
within the opaejue coverings of the seed, is found to be green, llie chhi- 
rophyll must be formed independently of light from the reserve substances 
in tlie perispenii. Differences of this chanuiter may also be produced by 
till' varying degree to which liglit penetrates dillbrent tissues, ami the 
dillereiit modifications to which it is subjected in its passage through 
tissues of different densities. 

Efifoct of Light, or of its absence, on Growth.— Cell-division may take 

} )lace either in darkness or in light, provided the rwiuisite materials be at 
umd. In AlgfC, like f^piroyyra^ which have little reserve material assi- 
milation gm;s on in the daytime, cell-division at nighl. Hence, as 
Machs remarks, in the liighor plants assimilation and growth may go on at 
the same time in different parts of the same organism, while in the 
simpler organism, where the same cell has to perform both functions, it 
assimilates by day and divides by night. When a growing shoot is grown 
in darkness, as in the case of potatoes sprouting in a dark celliu*, not only 
is a blanched condition observable, but also a great elongation. Tliis is 
also seen in badly lighted hot-houses, or in dark corners of gardens, thick 
shrubberies, &c., where the plants become “ drawn,” as the gardeners 
say. When such shoots are exposed to light the extension of the shoot 
is arrested and growth in Icngtn is retarded, and, as Machs has sliuwn, a 
periodical oscillation in tlie rapidity of growth is caused by the alterna- 
tion of day and night, when the temperature is nearly constant. The 
growing internodo exhibits a maximum of growth about sunrise, wbicli 
oiicrcases till about midday, when it reaches its minimum. Contrary to 
what happens in the stem, the leaves are arrested in their growth in 
obscurity. Etiolated leaves cease to grow at the point where, under 
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normal ciroumatances, they would have bejunin to feel the effect of the 
lio-lit— that is, at the moment of their emerp^ence from the bud. When 
the leal' has to shift for itself, starch is formed in those cells exposed to 
the li;?ht first, and all subsequent growth depends upon the formation of 
that starch. In darkness no starch is formed, and hence, according to 
Kraus, the arrested development of the growtli of the leaf.^ But llau- 
wenhoff hius shown that the young leaves cannot get all their nutriment 
ioT themselves, but must derive some from the reserve stores; if, by 
means of incisions of the petiole, this be prevented, the growth of the 
leaf is arrested ; and he concludes that the explanation of the arrest of 
irrowth ill lea\es in obscurity cannot be ytii given. 

" The lengthening of tha stem in darkness, according to the same observer, 
depends irpon the differences of tenftion between the active pith-cells 
and those of the fundamental tissue generally and the passive 
colls of the wooil and bark. In normal stems the pith haa always 
a tendency to ehmgate, a tendency cliecked by the resistance of the 
p iripht'ral layers. In darkness, on the other hand, as ascertained also by 
Jtaiiwenhoff,' the bark-cells and wood-ctdls either are not formed or 
do not Ibicken, and hence do not oiler any resistamui to the growth of 

the pitU-C(!lls. ^ XI i. ^ ^ • • • i. 

lleinke has drawn attention to tlie fact that m previous expenments 
on plants grown in obscurity pul!i<*ient attention has not been paid to the 
concomitant effect of moisthre. He therefore first studied the influence 
of moisture on the growth of Hvlimthm annuuHf taking two seedlings and 
placin"- one in the open air, the other umler a receiver in fully saturated 
air ft \Nas found that in the saturated air the prowtli was quicker than 
in the ordinary air, yet it fell short of the acceleration which etiolated 
plants (i^rowing in the dark) liad shown. ITiider the glass vessel in light 
the stems seemed merely to reach their normal size sooner than in dry 
air ; hereas the darkeiiing caused a quite anomalous extension of the 
ijui-nh. This darkening and greater moisture have both an accelerating 
action on the intensity of growth. 

Heliotropism.— Plants exposed to the light bend towards the quarter 
whence it comes, and bec(nno more <»r loss concave towards that side. 
The side furthest from the light, or, in other words, the darkest side, 
grows faster than the illmiiinated side, in accordance with what has Ix^en 
inst said. The illuminated side tluia resists the growth of the other side, 
and ii curvature is formed, the concavity towards the light, the convexity 
in the opposite direction. This curvature is called heliotroptsm, and is 
manifested by plants which liave no chlt»ropliyll, as avoH as by those which 
])()S80S8 that substance. Bays of high rofrangibility, such os blue or violet, 
cause heliotropism by retardation of growth. Ileliotropism of the kind 
mentioned is called positive to distinguish it from ftepative hdiotropmn, in 
which the cxtict opposite occurs, the illuminated stems becoming convex, 
as also in the case ef root-hairs, some tendrils, the roots of CMorophytutHj 
&c. The kind and degree of curvature are shown by Wolkoff to vary 
according to the part of the root affected. The same observer also shows 
that in some instances of negatively heliotropic ro.ots, the translucency of 
the tissues is such that the rays of light may he refracted, so iw to pro- 
duce a more intense illumination on the side furthest from the light, the 
concavity of which surface would therefore be a true instauce of positive 
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heliotropism, in epito of appearing to be duo to neprativo heliotropism. 
But little is yet known as to these points ; but it is sunuiscd that there 
are in plants two sets of cells, some positively liclitjtropic, retarded in 
their growth by light, others negatively heliotropic, whose growth is 
promoted by exposure to the light. Organs in which growth is linis^u^d 
no longer nianil’est these heliotropic curvatures, of wliich the greatest 
degree occurs in the regions where growth is going on most actively. 
Tire curves nre not produced immediately on exposure to liglit, but o(!cur 
ginduallv, and disappear gradually, even after the exposure censes. 'Plus 
position aiuUh'gree of eurvaluve necessarily vary, according to the angh^ 
of iricidence of the light, and are proportionate to the intensity of tlie 
light. Negativo heliotropism occui's in the case of the plasmodimii or 
naked masses of protophisni (jf JElhnlium (Myxoinycetea). Exposure to 
liglit causes, according to Bavanetzky, a thinning of the plasmodinm, 
and a corresponding th'iekening or aggregation in the parts to whiyh the 
li^dit. has no access. As in other plants, the most energetic effect is pro- 
duced by the blue refmtigible rays, tbc heliotropic elfect being not obser- 
vable in the luminous rays. In darkness, the mass of protoplasm ascends, 
against gravity, Ihe surface of a wall or other support, but its progress 
upwarils is arrested by exposure to light. 

Action of Electricity .“The nuichanical and chemical processes which 
go on in the cells of plants are necessarily coiinec toil with disturbances 
of electrical (.‘(tuilibrinm. Ranke, Burdon Sandi'rsoii, Vcdlen and othi'rs 
have demonstrated tlui fact that there exists in plants mi eh'ctric current 
such us Dll Bois Beyinoiid has demonstrated in the muscles and nerves of 
nniinuis, but in an inverse direction. Wliile in animal tissues the current 
is direct«‘d from the longitudinal to the transverse section of the inuscl(‘s, 
the direction of the current in vegetable fibre is from the transverse to 
the longilndinal dire(ition. The currents aio made vi.dble by the medium 
of a galvanometer, tbi epidermis, a bud conductor of electricitv, having 
been removed from the fragment of tissue examined. Tin', elecitric cur- 
rent in plants, says Velteii, has no relation to tlie dc'gree of coiie.eutration 
of the sap or the slate of aggregation of the protoplasm. 

According to Ranke, the moleeiiles of a plant are embedded in a con- 
necting .substance, and Inivo, according to tlie direction of the electric 
current, two positixe poles and an equatorial negative zone, just the 
reverse of what obtains in animal molecules according to Du Bois Uey- 

^^Plants seem to bo regulators of electricity, and restore the balanc e 
between the disf urhances of the idectiic tension in the case of the carlli 
and air respectively. Bridgeinun has shown (Gardeners’ (’hronicle, 187;{, 
p. 142 ) that healthy and luxuriant growth takes place round the nega- 
tive pole of a galvanic battery, while at the positit c' pole the direction of 
the radicles is inverted, and they are thrust upwarthj grow feebly, and 
■become the prey to mildew. 

Velten’s recmit researclma on the influence of electrical currents on 
protoiJasm show that constant and inductive galvanic currents exorcise 
the same ettects on the .protoplasm and its movements. Very weak elec- 
trical currents in parts of plants which offer great rcisistance cause an 
accele ration of the movememts of the protoplasm, whicli may be ascribed 
to the bigher temperature brought about by the stream. A very weak 
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current actin*? for a loiif? lime may ro8ult in retarding the movement of 
the protoplasm, and linaiiv, under ct^rtaiii coiiflitions, in arresting it 
getluu’. Weak currenlM always produce a retardation of the plasma- 
movement; and (;oiitiimed for a lougtir periml still, motion may b(; sus- 
pended. After the iiioveinent of tljo protoplasm lias lieeii rendered 
slower, it will again in a sliort time recover its normal degr(*e of iiiotion, 
provided it has been ilisturhed by no sudden tluctuations of the electric 
current. When the movement of the protoplasm is perfectly stopped, 
without any otlier essential change, it after a time gradually sots 
in again if left to itsell*. Tlie jiarts oi the cell, in most ^4* the jilants 
examined, in w’hich by electrical effect the protoplasm and chloropii>ll 
granules are accumulated are the septa; but with stronger currents 
aggregations may appear in vaiious parts of the cell. Whoji once the 
movement has been cliecktjd it oidy very gradually attains its former rate, 
liy modenite electrical irritation molecular movement is produccid. In 
most cases the different jiarts of the coiitcmis of the cells are unequally 
affected. Strongly intensiiied currents depiivo the protoplasm of all 
further j)ow(*r of inotion. Vtny strong currents induct^ contraction of the 
primordial utricle. Making a contact has ofte.n a greater ph;^'siol(»gical 
eifect tlian breaking tin* contact. The condititjii of agitation of the pro- 
toplasm brought about by the oh^ctiic current is not transmittea to 
contiguous jiarts. lly weak currents the protoplasm is enabled to take 
up water through its imbibing chaimoLs ; and tlu) water thus taken up 
may be expressed bv the protoplasm itself if left to rest. By mod(‘rate, 
though not too weak, irritation, perfect vacuoles are formed, after Iiich 
death or rosuscitaticjii may foll<iw; this is the boundary of life and death. 
By strong electrical currents the protoplasm is enabled to take up water 
in its own ijitersti(!es : it swells u]). The same property is possessed by 
the granules of chlorojjhyll. The effect of strong currents is to cause the 
separation of solid particles of the jirotophisiu. I’rotopJasm and grainiles 
of cldorophyll arc transformed by electricity into the viscid iluid state of 
aggregation]^ and separate mrts arrived at this state may flow together. 
Tim rotation of the granules of chlort>phyll iu the cells of Chara is not 
disturbed by galvanic currents to the same extent as the protoplasmic 
moveinonts," and may be viewed even when the movement of tlie proto- 
13 lasm lias been arliUcially brought almost to a standstill. Katlier strong 
electric currents in several instances cause a momentary roi ersion of the 
circulation; but this is oidy apparent because it involves some essential 
changes. On the aiiplication of strong electric cuirents the proiojlasm 
collects with great facility, especiaUv on the cell-wall nearest the one or 
other polo, in the form of plates or elliptical bodies. 

Gravitation, Geotroplsm.— The effects of gravitation on living plants are 
ill understood. Knight was the first to show that the downwaid growth 
of roflts was due to the force exerted by the earth ; for when this wa.s 
removed or supplanted by some force of sui»erior power, downward 
growth ceased, as whem seeds were grown on a rotating wheel, when the 
roots were directed outward by ceutrifiigal force. Gravitation acts inde- 
pendently of chemical or other forces, and presents many phenomena 
strictly analogous to those mentioned under the head of Heliotropism. 
When a plant is so placed that the amount of light is equal on aU sides, 
or when nehotropic curvatures are prevented, gravitation causes some 



EFPKCT OF EXTEIINAL AOENCIER ON GROWTH. 


609 


organs to descend, others to ascend, according as growth is favoured or 
I’etKi’ded on the side next to the eaith. Wlien growtlj ia retarded on the 
side next the earth, a curvature, the concavity of wliich is directed to the 
eartli, ensues, and the extreme growing-point is thus directed downwards, 
as in tlie case of the gills of l*'ungi, and most roots, Such organs 

arc spoken of positively tftiutrapiCylAiiA condition being strictly analogous 
to ])o8itive heliotropism. On the other hand, wdien growth is accelerated 
on the side next the earth, the organ hecomes so curved as to prestsnt its 
convexity to the earth, and its terminal growdng-i>oint is directed uj> 
wards, as in \he f(»llo\viiig diagram, where the horizoiilal line represents 
the. earth, S=^. Much orgarts os stems ifec. are negaiiiiebj tjt^utropwy and arc 
aiijilogous to negatively heliotrojiic organs. The direclion assumed by 
glowing oigans depends on the r(‘lation between gravitation and tension. 
Tf the tension resulting from tiirgescence is equal on all siiles, the iMot 
Avill always grow in a c(Mtain direction even against gravity ; but if the 
internal tension of the tissnt's be greater in one direction tlian in another, 
a curvature wull result independently of tlie action of gi'avity, tlie under- 
side*- of th(* curv<*d part will grtiw more fnuily than tlie upper end; in 
consequence, the growing-point will be directed npw^ards. Kraus remarks, 
wdth referejice t4> this subject, that gt'otropic curvatures, positi\e or nega- 
tive, are regulated by the same cause, the more abundant tlow of iiutri- 
ti\ e juice to the lower part of any organ being determined bv gravitation, 
while the ilireetion of the curviUure ia detennined by tlie degri'ti of 
1 urgescenee and tension of the tissues. TJie subjeci of tlie invcjrse dir(*c- 
tioii of roots and stems stands in need, Iiowevei’, of much further eluci- 
dation. 

EffectE. of Tension. — Tliese have been already iinndontally alluded to; 
but tlu'ir ijifluence on the growth of ])lants may bt< better understood if 
it be remembered that Ihe c-ells are clastic bags subject to bii stretched 
and compressed, witli cons4;queut alterations of 8ha})e, vavving according 
to circumstaiKM's and according as tho prt‘ssure is fi-om without or from 
within, rressure from W'ithiri, inryeacencey is regulated by hyilrostatic 
la\vs ; that from without is <?aused by many varied circuinstaiices con- 
nected with growth and the movements of Iluid. As the absorption of 
wratcr is known to be imu’e or less periodic, so also the tension of cells, 
and lh(^ movements coiiscqmjiit <iii it, are periodic. Organs at first 
liomogeneous as to structure absorb an equal amount of water throiigh- 
4)ut ; but as the Blnicture alters in character at diffiu’ent places, the rate 
and degree of absorption vary, and the consequent tension also varies in 
different }»art8 of the plant. Sachs sIioavs that there ia an intimate de- 
])endeiice and correlation of growth and tension. iJaily periodicity of 
growth (Miincides with the daily periodicity of tension; if tli© former be 
dep(*ndent on changes of temperature and light, tho latter is probably 
so also. One of the simplest of these cases is the sejiaration of the divided 
portions of a stem when cut lengthwise. Take amiost any yonn"* grow- 
ing 8lu>ot, preferably one h(»llow in the interior (tin? flower-stalk of a 
Dandelion, for instance), and cut it down lengthwise for a short distance; 
immediately the separated portions divei^ one from the other. The 
appearance thus pre-sented is like that of the letter V ; or when, as often 
liappens, the €*dges roll up, we liave an appearance resembling that of the 
zodiacal sign of Aries, Y. Again, let the layers of bark and wood-tissue 
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be cai*efully dissected off from a younp vine-shoot, so as to leave tlie pith 
exposed ; and it will be seen that, while tlie bark and wood become con- 
tract(jd (slioiten, in oth(*r words), the pith lengthens. A similar contrac- 
tion ensues, but in a trarjsverse direction, when a rinjr of bark is cut off 
from a shoot. Try to fit it on to the gtein from which it was taken, 
and it will be fouml ini)>ossible tt» replace it accurately. Dr. Bird deci- 
sively proved that the divergence in question was due to varying degrees 
of teiivsion, these variations being dependent in his experiments on the 
alternate emptying of certain cf‘lls,nnd the filling or tnrgescence of others, 
and vice versa — tiie transfer of fluids in this case iroui celf to cell taking 
place in accordance with osmosis. Certain of* the tissues an' erectile, left 
t(j themselves they have a tendency to extend in idl directions; certain 
other of the tissues ar<i hy comparison passive, and act as a check on the 
erectile tissues. Speaking g(‘nerally, the spongy c.ellular portions, such 
ns the pith and the cidlular ])orlioiis (»f the bark, are erectile ; while the 
skin or epidermis and the fibrous stringy tissues (wood) are passive. To 
varying i*elaiivn ct)nditions of tliest* parts the movements of plants may, 
in great measure, be attributed. For instance, the divergence which 
occurs when a Dandelion or other herbaceous stem is cut down, depends 
on the sudden disturhanct* of the bahiTU‘0 htiretofori*. existing between tlu* 
erectile central portions and the passive outer portions of the skiu : the 
latter gain tluj advantage, and curvature results, owing to the adhesion 
of the cells to the rind ; but if, as in Dr. Bird’s ev])orimenls,ll)e advantage 
of the central tissues is restored hv the inihihilioii of fluids, the cut sur- 
fact^s tht‘u lose their curvature and become parallel to each other. And 
eo, in regard to our S(»cond illustration, the contraction that takes place 
when a ring of hark is remo’sed from thi* subjacent cells afiords nnotlu'r 
illustration of the dilferoiice in tension of the different elements of tho 
stem. 

^riio tension which occurs in plants is always liable to duct nations in 
degree', and may either be perniniient or transitory. Permanent tension i.s 
that whi(‘h occurs as a result of unequal yrowth, w hile transitorv ten- 
sion is duo to variations in the qiiantitv of water absorbed, as in llie ex- 
periments just alluded to. Tlicre is always a tendency to maintain an 
eqiiilihriiim ; the tensive forces are, in theory, at least, e(jually and sym- 
iuetri<*ally distributed, but tliis equal distribution is continually being in- 
terfered w'ith by variations in the vigour of growth and the amount of 
light, heat, and moisture to which plants are subjected. 

It has K*en longkiuuvii that if agrowing shoot be shaken several times 
in siieeossion, a curve wull ultimately he iVirmed in it, the centre of which 
curve corresponds with the place where the tension is at its maximum. 
The iiTitation piiidiiced by the continued shaking stretches tho passive 
tissues (epidermis) ami diminishes their elasticity and consequent power 
of resistance to the erectile tissues witliin, which are, in consequence, 
enabled to grow the more rapidly. If this stretching of the rind bo uni- 
form on all sides of the shoot, a simple lengthening will take place ; hut 
of, as is usually tlie cose, tho stretching be more on one side than the other, 
then a curve is produced. 

Periodic Variations In Tension. — The degree of tension varies, as has been 
said, at different times of the day and in different parts of plants. Under 
ordinary circumstances, according to Kraus, tlio tension diminishes in 
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early and is at its minimuin about 2 p.m., from wliicli time it 

gradually iueroases. In annual |)Iants the mnvimum degree of tension is 
at the base of the stem, and diniinishos towards the end of the branch e 
and of the roots, whore the growth is most active. The oiTect of increased 
ttmsion at the base of the stem would force the nutrient Iluids in the two 
directions whore it is moat rcjquired. The greatest tension in young shoots 
is also at the bas«», the sap being thus forced towards the growing-])oinl. 
In the case of bulbous plants the greatest tension is exerted in the stem, 
so that the nutritive juices may be forced into the bulb. 

' Porlodlcity of Growth. — Connected with the growth of plants two sepa- 
rate pherionuMia are (»hserved : the one a regular onw'ard course of growth 
from infancy to maturity, varying in d(‘gn*e, rapidity, and duration, accord- 
ing to hereditary c'ndowments, attaining a maximum, and then gradually 
decreasing'; tho other a fluctuating, intermittent, or periodic growth. The 
former is culled by Sachs tin* grayid period of tjrowth* M’he rate of iriert'flse 
in the case of the grand period is not diu'ctly in connexion with changes 
of temperatuni and other outward conditions, but is to some extent inde- 
pendent of them. The rate of growth, moreover, voiies in dillen'nt parts 
of the same organ, so that thert^ is one portion where a maximum rah^ «»f 
growth is fibserved. According to SaeVs, tho maximum rate of growth 
in stems is greatest at some distance from tho apex of the stem, wliile in 
roots the fastest growth tak(‘S place much nearer to the apisx. But this 
statement appears, from Ihjunetts ro.searche8 on Vidlmteria and tlie Hya- 
cinth, to ho too general.* The author last cited found that in the peduncle 
of Vdlime.ria the rate of growth w'as much more rapid near the summit, 
while in tho ease of the flower-stalk of tho Hyacinth tho revtuse was the 
Ciisc. In Tritoma the greatest and most rapid growth was ohaervtid to 
take place near the upp(;r end of the scape. While the grand neriml of 
growth, considered ns a whole, augments in intefi.^ity gradually till it 
reaches a maximum and then declines, yet, if the growth of inltu'nodes, or 
short intervals, of the stem be measured at freriueiit intervals, tho rate of 
growth is found to he v<iry irn*gular, so that if projected in a diagram 
it would not form a uniform curve, but a series of zigzags. The.se varia- 
tions Sachs attributes to difl'orences in temperature and other outward 
circumstances, and further poiuts out tho existence of a direct relation 
between tlio rate of growtn and the tension of the tissiie.s, tho curves 
representing the two phenomena being identical, lloinke, however, dis- 
putes the.se conclusions and attributes the variations to inherent cliange.s in 
the plant itself in association with variations in the degree of humidity, 
&c. &c. 

Day and Nlerlit Growth. — ^Tho evidence as to whether the gn^atest 
amount of growth takes place by day or by night is still conflicting, though, 
from what has been before said as to growtli and cell-division, as well as 
from direct measurements, the balance of evidence goes to show a greater 
relative growth in the hours of darkness, the maximum being observable 
just before sunrise, tho miniinura soon after noon. The conflicting ■state- 
ments arise from the great variations in temperature, light, moisture, &c., 
so that it is only by eliminating, so far aa» possible, the etfects produced 
by heat from tliose" which are the result of light, and so on, that a deci- 
sion con be arrived at ; and when such a decision has been obtained, it is 
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necessarily of relatiTely little value, since it by no means represents what 
happens under iintural circumstances. 

llanwenhoify whose paper on this subject is the most complete, iind 
which contuins roleronces to the literntiiro of the siihje('t, shows that the 
day and rii^lit prowth is varialdein difterent species, that what holds pood 
in one does not do so for another; and this api*ees with the result of 
I dndley’s experiments, ill the Transactions of the lloiticultural Society 
uf London, new ser. vol. iii. p. 101. 

Measurement of Rate of Growth.— For purposes where preat accuracy is 
not required, marks made upon the prowinp stem at repulnr distaiiees apart, 
or a meosurinp-rod placed in juxtaposition, are suflicieiit; but where preat 
accuracy and the* measurenieiit of ininiite spaces an* demanded, recourse 
must be had to special instrunieiits called AuxmwnK'tt'rH. In the simplest 
form of this instrument a thn*ad is attached to tin* pi’owiiip plant, the 
other end of the thread beinp carried over pulleys and moviiip an index 
attacdied to a scale. Self-repisteriiip prowth-nu asurers present many ad- 
vantapes. In these the rate of prowth is marked by an index attached 
by a thread to the plant, and travellinp over a hlackened cylinder n*velvinp 
by clockwork in fixed periods of time, and on which the indications of 
the indc*x are traced. 

Alternations of Growth. — In addition to periodic or rhythmic waves 
of prowth, a sort of compensatory prowth is often observed ; so that if 
prowth 1)(^ active in one orpau, it is relatively passi^e in another, and rive 
rvrsa. If one orpan he liypertrophied or iiiordijialelv developed, it often 
happens that aiudher is correspondinply restricted. The operation of this 
law of ctimpensatioii is particularly evident in many cases of monstrosity. 
It may also ue easily obst'rvod in the casoof many C-onifers, v. r/. in Aravearia 
imhnvata or Abies Kordmawnana, where in one season the pi’owth of the 
terminnl shoot exceeds that of the lateral subvert ieil late ones beneath it, 
w’hile in another season tlie lateral shoots prow luster than the terminal 
ime. 

Force exerted duiinp Growth, — The force with wdiich fluids aseend in 
the stem has been repeatt*dly measured from the time of Hales; but the 
actual force exei*t('d by the iimas of prow inp tissues Ijos not been so fre- 
quently made the subject (vf accurate nieasurenu>nts. It is common to see 
stones uplifted by tr(*es in their prowth, and pavinp-stoiios raised by the 
prow’th of I'unpi beneath them, riark has subjt'cted to measurement a 
pr(iwinp fruit of a rumpkin, wdiich from raisinp w'eipbts of 60-60 lb., 
tinished by rnisiiitr OTie of 6000 lb., its own weipbt b<*inp 47 lb. The 
prowth of the r<H)1s of this plant was estimated at KKX) feet a day. This 
is no doubt an extn nie case, but it may sufiico to illusti-ato the enormous 
force exerted by plants in their growth. 
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CHAPTER V. 

REl»RODUCTION OF 1>LANTS. 

Sect. 1. Vegetative Multiplication. 

It is a remarkable characteristic of the VeKetal)le Kinp;(loin, 
sliared, hiclfel, by aomti of the lower animals, siicli as ISponpes, 
i\)lyp(»s, Ac., that thoir organizing forces are clifFiised throughout 
their slrueture, whem^e results, not only great repetition of simi- 
lar and, to a certain extent, indt'pendont parts in the same plant, 
but a caj)!ibilitv in those parts of surviving when sejtarated from 
tlie panmt stuck, and of becoming the foundations of new planls. 
Through this condition of the organization arises the possibility 
of a luidtljiif leaf ion of individual plants by simple subdivision of thcj 
vi‘getative structure of a single specimen — a pro(^ess which is not 
only universal throughout th<^ Vegetable Kingdom, but in many 
cas(‘s is so frequently and abundantly mauifestiHl as to throw the 
proper reproduction by seeds or spores into the background. 

As will bej wen hcToafh'r, the spores of some Families are really formt'd 
by a kind of vegetative multiplication intennodiah^ between tin* propn* 
reproductive proc(‘8s and the uevelopioent of the now plants; hut it will 
h(‘ more convenient to examine those ca8i‘s in connexion with the foriim- 
tion of spores and see^ds geiiorally, and to conllno our attention here to 
wliat are distinctly and evidently bud-structures. 

Buds ; Gemmse. — I'he modes of vegetative multiplication of plants 
niH;essarily fhqjend essentially on the organization of the K-pecies ; 
accordingly as the vegetative structures present more or lesvS com- 
plexity, so are the “ buds ’’ more or less developed at the period 
when they are detached from the parent. 

Gemmae of Thalloecns. — In the TliHlluphyta/whero the entire organiza- 
tion is cellular, and no leaf-structures exist, the buds or gemmee aro cel- 
lular structures, more or less complex, according to the comlilion of the 
parcMit tliallus. We have examples of the simplest kind of multiplication 
in Schizomj/cetes and the lowin’ Algm, such as PalmeUeee^ DeHtnidwaiy &c., 
wdu*re tlio plants aro continually undergoing propagation by division of 
the constituent cells. In armie caws no other moao of repr<»cluclion is yet 
knoivn, and such multiplication appears to represent the veg^dafivo 
growth of higher forms ; but in others a true reproduction, with formation 
of spores, recurs periodicaUy to inten-upt the simple c#ill-di vision, in a 
manner analogous to the lYsciuTeiico of flowering, aftijr a certain extent of 
vegetative growth, in the higher plants. 

In the Fungi many kinds are abundantly propagated by conidia, or 
simple cells detached from tlio mycelium, as is the case in the ^owth of 
Yeast (p.5o2), in the propagation of the Vine-fungus, &c.; and in all pro- 
bability the Fungi generwy may he increased l^ artificial division of the 
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thalliis, as wo see it practised in propagating^ tlie Mushroom, tho Vinegar- 
plaTit, A'c. Tn the Lirhons there is a proper structure to whicli the vege- 
tative inutiplicalion is confined, viz. the ijmiidiay the green cells formed in 
the intidullary layer of th(< thalhis, which frequently hroah out from the 
surface and become free, ('sp«*cially wdien the jdants are expost:;d to exces- 
sive damp. Thew gonidia, however, are now considered to be Alg», 
entangled in the meahes of a parasitica fungus. 

In tlie Algfe the vegetative multiplication exliibits very varied charac- 
ters. In tlie Confervoids (p. 451 ) wc* have tln^ ziwsporvH and 
(fig. 51^, U, and fig. 51)1), as also in the Phieosnorcje : and the Ut^aspores 
c»f the Khodospermeic and tho Dictyotaccac! pro nably have the same iin- 
jM)rt; but, in addition to this, the* lhall us is commonly multiplied, osjwcially 
in tho larger forms, by tbe^ gro'wth of a number of new tnalli from the 
sides or the base of an old plant, and their subsequent si*paration by the 
decay of tluj parent thnllus. 

In the aliove cases we seo tho double representation of tlie vop^tative 
process wlihdi occurs in so marked a manner in tlie higlnT jdants. We 
have iiuirense by^ simple and pure siibdi\'ision (»f ordinary vegc'tative 
structures, and, bc'sides this, wt* see vaiii'd modiiications of tlu^ vc'getative 
cells speeiallv organized to fit them for bedng thrown off siiontaneously 

Jn the Jh'paticse and Mosses tli<‘ propagative stnudures do not arrive 
at. the condition of hudn^ although tin* jiarcnit plants havi* leafy steins, 
fflie (jemnue of these C^lasst's arc' inertdy cellular nodules, niori‘ or less de- 
veloped in different coses, and only acquire leaves after tluy have become 
independent. In the .Iiingerinamiincea* tln'v are dovt'lojied on the loaves 
or in ]ilu.oo of fruits. In Marchautiaceie they found in cup-like iv~ 
coptacles, being (‘specially froqiK'nt when tlie jdnnts grow' in damp, sliaded 
localiti(‘s, a number of tliera (springing oiiginally from a single cell) lying 
in tlie cup like eggs in a ncsl. 

ffhe IM oss(‘s produce //c»i7Wrt7 from all parts of their structures — from 
their loaves, stems, metamorphosed fruit -organs, and, ab«»\'o all, from 
thivad-liki' runners (protonemn) which shoot out from tho base of their 
stems. When their spores geimiiiate, they also form first a mesh of 
confervoid filaments, each joint of whicli often gives birth to a leaf-bud 
(dg. 4W, p. 4.‘10). 

Buds of Vascular Gryptoerams. — The FerTis and allied Classes agree 
jnoi*e clos(*ly ^^ith the FlowTring plants in tlieir vegetative propagation, 
foiming leaf-buds in cases where tliey incn‘nse in this w^ay ; but there is 
a connexion wdth the M()8s(‘s &c. in tho circumstance thai their f/mnwa 
appear more frequently on the leaves than is the case normally in the 
I'liancrogamia — ns, for example, in Afvplemvm rhizophylUnUy wlioi*e the 
lf‘aves root and form buds at tlwir tip, CysU^teris btiihiferaf in 'which 
bulbils appear on the petiole, &c. 

Buds of PhanerogomB. — In the Phanerogamia the rule is, that every 
Ieaf-I5ud may be separated from the parent stock, and, if properly treated, 
r(*ared into a new plant ; moreover, in a vast number of cases/ tho leaf- 
buds are naturally modified in certain details of their stnicture, so as to 
protect them from external injuiy, and then thrown off spontaneously by 
the parents to multiply the kind. Many of the cases of this phenomenon 
have been described in the first port of this work imdor the head of 
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Morpholojry of HU*m8 (p. 20 et se^.) and Buds (p. 00). We Imve there 
fc>pok(*Ti also of the formation of adoenfifious buds (^p. 70) and cited nume- 
rous examplt*s stron^rly indicatin^^ that relative ind(^poiideiice of the parte 
of the orpanization of plants i*eferred ti» above. 

AdvontitlouB Buds are formed mostly when a plant or part of a plant 
]oad(‘(i with aLMijiniilat(‘d nourishinent is deprived of its natural dev(d()ping- 
ptints. Thus we see abundant formation of ailventilioiis buds on bealtby 
trunks of trees which have bt*en pollarded^ i. v. hav<^ had their heads cut 
down so as tg ivniove almost all their natural buds. Somedimes the slioots 
so ]»r( winced simply rt'sult from the dt»vtdn]>iiH;iit of otherwise dormant 
buds. Tlie abundant supply of food existing in the trunk, however, oftim 
stimulates the cells of this vambium-rryion (}». MO) into extraordinary de- 
velopment, and trne eiiclogenous leaf-bnds are produced, ■which form vents 
for the vital energy of the plant. This powtu* exists even in the roots of 
many titH\s, as in M/trlnra aumntiavnj Jftpomoa, tS:c., fragment-s of 

AN liich in a healthy^ eondition may b«^ made to ]>roduct» now plants. The 
bulls so formed arc of endogenous origin, arising in or near the cambium- 
region. 

Mention has been made of the formation of adventitious buds (as oxo- 
geiious furniations) on leaves, Avliich has lR*en observed fivqiiently in wild 
plants, and is artilieially induced in many cases as a means of propagation. 
As a ride, leaNes are less prone to prodneo buds than steins or even roots, 
as might be expected from the more actively changing state of the con- 
tents of their tissues, and tlie usual aUsimct) of any gri‘at nceuinulatioii 
of assimilated substance, such as is ix^gulaiiy met with at certain periods 
in the stiun and root. 

Tliut striking characteristic of vegetables which displays itself in the 
physii logical independence of the leaf-biids, renders tdie v(‘petativo propa- 
gation of plants n most important feature in Ihiur historj", both in a natu- 
ral and, in a still higher degree, in a cultivated condition. 

A brief notiee of some striking phenomena illustrative of the spon- 
taneous propagation of the higher phmts may be given here. 

Various herbaceous plants aiv, iuulti))li(*<i by s})ontant‘ously detached 
nvillary leaf-buds : of this Ave have familiar examples in Lilium buUnferumj 
Dvntaria bidhifertiy and the cultivated ajK'ciesof ArhimmvH. Similar ])ro- 
]Migalive buds are ofU«n jiroduced insU'od of powers in tlio inflorescence 
of the species of Allium ((tarlic, &c.), })oth iu a Avild and cultivab'd con- 
dition : and tho same is the case with some other plants, such ns Pohjyo^ 
ninn viviparumy &c. 

The multiplication of hdha by ** cloves,” or axillary bulbs produced in 
the axils of the scales of tlie parimt bulUs, bos been described in n former 
('luipter (p. 2/>), and there also have been mentioned the structures called 
tubers, formed of modifled stems, which are important agents in propa- 
gating the ]ihintH in Avhich they occur. The Potato, for instance, forms 
tubers from its branches, the “ eyes ” or buds of Avhitih may be separated 
and made to produce each a new plant : and the Jerusalem Artichoke, 
Dahlia, &c. are similar in this respect, llie terrestrial Orcdiids, such aa 
Orchis Morio (fig. 21) &e., are not mtdtiplird by their tubers, but only 
continued from year to year, since only one new “eye” is formed annually. 

Still more frequent, perhaps, than the formation of bulbils, bulbs, or 
tubers is the development of leafy shoots peculiarly organized for the 
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purpose of propa^alinj? tlie plant which bears them, commonly compre- 
Inmded imatir llie names of ollsc^ts, stolons, runners, SiC. Almost every 
frnidation of condition occurs here, btitween the divisibhi rhizomes of 
such plants as the Daisy, l*rinirosc*, tVc.,the ** runners” of the Strawberry, 
VnlliHueritiy Hydrochantt^ tVre., th<» olivets «)f I [oust»-leeks, Stratiotes, vlwA 
the roH*tte-lil«' stolons of TlpUidda^ iS:c., which approach to the axillary 
bulbils of Achimems^ and coiiiu‘ci all these forms with the subterraneous 
bulbs, conns, and tubu-s. 

Propagation by Artificial Means. — The artificial prppai^afion of 
plants by divisioTi is cflVvted by a variety of processes founded on 
the same physioloyjjical laws as the natural multiplication by de- 
tached buds, &c. ; it also iindudcs a pi'ciiliar class of opemtions, 
in which the lunv plants are not con\erted into absolutely iiub'- 
pendcnl stocks, but an* made to assume a ])stMido-])arasitical liabit 
upon other ])]aiits, wIjomc* roots furnish them with that portion of 
their nourishimMil wliicli is d(*rived from the soil. 

In the sim])lc propapitioii, advantaf^e is taken oF tlu» vital activity 
of the can]bium-roj;;ion to stimulate it to the production of roots, 
in the gardening proct‘sses of propagation by dipt^ or enttinpa, layern, 
«^c. In the pnaluctiou of pseiido-parasitos, as in haddlntj and 
the woody struct nivs of two distinct plants ai*o made to 
bc'come intimately blended by bringing into immediate contact the 
cambium-structures of both, at points where the cellular tissue is 
in an active statt^ of dcvtdopineut. 

Cuttinfcs or Slips aiv ordinarily fragments of stiuiis couMsting of young 
wood bearing <m<! or more buds. Thest* arc planted in earth, and in some- 
cases require no especial care to make tlicm produce adventitious roots 
from the cii i n hi i mi -region, as in slips of Willows and many common soft- 
wooded plants. ^lostly, licnvcA'cr, it is necessary to stimulate the* vegt'ta- 
tive net lull by a slight degree of artiHinnl lient — in all cases, hoAvever, 
guarding against drought ; so that, as a geii(*ral rule, cuttings are nnub* to 
^‘strike ” root best in an atmosphere when* tli(* "watery vapour is confined 
by a glass covering. Ft is a mutter of iuditference whether a cutting 
liaviiig a mimber of *‘cyes” or buds is planted w’ith the head upward or 
with the summit buried in the soil and the lower part left free. In the 
latter case, the ordinaiT diu'ction of grow th of all the new' shoots becomes 
nworsed. When a cutting is made, a cnllm of cork-cells is formed over 
tin* wound, and tb<* ndjac-ent cells are tilled with starch-grains, prior to 
the formation of the roots. 

It lias been stated above that by careful management plants may be 
raised from cuttings of roots, and even from leaves made to produce ad- 
ventitious buds by aHificial stimulus. 

Lay^fl only difler from cuttings in the circumstance tliat tlie fragments 
to bo detaclied are made t»> strike root bi'fore they are sepnrat<*d from tlio 
parent stock — usually by bending downi tho branches and burying them 
m a portion of their course* in the soil ; an incision is usually made into tho 
wood in the buried portion, which causes the more ready production of ad- 
ventitious roots. An analogous operation is soinetimcs'practiscd, in w'hich 
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a shoot is caused to root liigli above ground, by surrounding one or more of 
its nodcjs with a mass of earth kept moist by wet bandages or other 
means. 

The artificial process of layerinff, practised commonly with Pinks, ver- 
boiias, Atwitba, &c.,is anali)gous to the natural propagation of the Straw- 
berry by runners. 

In all the oases comproheiidod in the above wjmarks, the adventitious 
roots are formed iin)st readily in the vicinity of buds, at the nodes, just 
as wo suH- them nal iimllv <»o(uirring chiefly in those situations in creejang 
plants, siicltoas the San(I-S(‘dge (fig. !?5), Mint, ninny tlrasa(»s, i&c., which 
root at every joint that ^mujioh into contact witli moist soil, or in the 
climbing Ivy, in which the adventitious roots forming its organs t»f attach- 
ment to foreign biKties are produced in tufts a little below the knives. 

Grafting.— In the opinations of huddintj and grafiingy the parts of the 
partnit plant art* caustMl to assume a kind of parasitical condititm, in 
wliich tfu'V stand in the same relation It) a strange stock as they wtnild 
have indd'to thtdr parent if left in thtnr natural condilnni. The detacht‘d 
bud or shoot is inadt* to contract an organic union with the camhinni- 
regit)n of a foreign stem, of liich it becomes, as it w(',re, a branch, deriving 
its supplit»s of rot »1 -nourishment from it, and subsequently st'uding down in 
return (*laboratt*d juices t<» contribute tt) the susttuiaiice t)f its ftwter part‘nt. 
It is important to note, however, that in the case of distinct }»lants 
thus coinbinetl they usually exert i.se no appreciablt^ iuHiieiict> over each 
other ill rt^gard to motlifying the moi'pholugiad characters of each ; the 
C(»nne\it>n merely aflects tin* scion anti stock in the degree of activity of 
tlie g(*neral pli 3 >it)logical processes of nutrition, &c. Scions graltt*d on 
slttcKs of more enduring character act|uire gnMiti‘r vigour and fiicundity ; 
but tlie products of tb<‘ buds of the stuoii, in tlie great majority of cast*s, 
rostiiuble in kind those of their parent, whilti the stock continues to crow 
in its own way. The influenee of tlie sidon on the stock, is rendered 
loss iiolicenble in practice fivnu the fact that buds t)r branches of the stt»ck 
are ahv ays removed after the .«ciou Ifas “ tak(*n,” in order to concentrate 
the sap in the lattcir; an<l if allowed to devi'lop, the branches of the 
slock formed below the scion mostly remain unanected by the stranger 
which has settled ab<ive them. 

Influence of Stock on Scion. — A certain amount of physif)lo^oal influence* 
of the stock over the scion is shown to exist by such facts of horticultural 
expiience as the dwarfing of (MU’tain varieties and their earlier or increased 
productiveness according to the stock, as in the cast* of Ap])Ie8 on the Para- 
dise stock, the fact that the fruit of the Pear is smaller and more highly 
coloured when “ w'orked on ” the Quince or Medlar than when grafted on 
Pear-stocks, and is earlier when worked on tiu) Mountain A sh . It is not clear 
liere w'hether the alteration is attributable to greater or less vigour of the 
stocks, or to an influence ohstnicting the n.*turn of elaborated sap tow'ards 
tlie roots, arising out of difierenco of texture of the wood. 

Influence of Solon on Stock. — On the other hand, the scion has been in n 
few cases observed to affect the stock. It is well known that the variety of 
the Yellow Jasmine with variegated leaves, budded on a plant with 
healthy green leaves, causes tlie gradual appearance of variegation through- 
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out tho whole of the foliag(3 of tlie plant. Tlie same phenomenon has been 
witnessed repeatedly in the ease ot varieprated kinds of Abuiilon. If a 
varhigated scion of A. Thommui be pliM;ed on a green-leaved stuck, the 
new leaves pushed out from the latter become also variegated. If a green 
seioii be placed on a stock of tlie varii‘gated Ahutiloiij the new leaves of 
the scion become variegated. Fiirtlwu*, if the variegated scion be removed 
from the green-leav<'d stock, the latter no longer produces variegated, but 
oidy green leaves. A still more striking phenomenon is the producthm of 
a hybrid Laburnum, by grafting Ci/stutHs inirpurem upon the common 
Laburnum. Many micJi cast's are now authenticated, and will’ be referred 
to under the head of Hybridization. 

Baddlngr consists in attacliing the bud of one tree upon the developing 
wood of aiiotlier. l^'or thL purpose the bud is removed from its parent 
with a slip of the bark Mirroiuuting it, bt'aring on its inside a })ortion of 
tilt) cambium-iissne (‘xisting at tlie linti of junction of tlie innermost 
region of the bark with the youngest wood; this is applii'd upon tlie 
surfiur of a pirtioii of tlie cambium-layer of the stock, I'Xjxised by slitting 
its bark ami turning it back so as to form a kind of pocket. The slip of 
bark is inserted int<‘ tliis, so lus to bring the cambium of bud and stock 
into complete (contact, and the bark of the stock is then carefully bound 
down over the A\ouiid ^^ith bandages of bast, tiip', &c. The organizing 
force resident in the cells of the cambium of tlie two portions causes them 
to grow firmly together. 

In a shoot instiiad of a bud is attached to the stock; and 

this is commonly eflbcted by cutting off tho head of tlie slock (or a branch 
of siillicieiit gro>vth) witli an obliipie surface, or with a deep notch ofler- 
i rig more than one oblique surface ; the bottom of the shoot or graft is 
pared s<i as to lit accurately on the oblique surfaces, and in this way con- 
sidcrabh^ tracts of the cambium-tissue and young w’ood are brought into 
contact — tludr cells, however, being partly end to end here, instead of side 
by side as in budding. Union of tlie growing repon takes place exactly 
tis in the former ca-'^e. drafting is Msually jnactised with young w^oody 
Htructures; but it is also succeshfuUy ap})iicd to herbaceous plants with 
careful management ; and some (ijusses even admit of being grafted on 
each other, although th(‘ operation is generally confined to Dicotyledonous 
plants. 

What is termed Inarvlmirfj or grafting by approach,’* may be com- 
imred to /tf(f/cmi//(p. 1)17) : in this miKlification of the process, the scion is 
brought into union witii the stock by bending over or otherwise, without 
being detached from its owu stem, and the separation is not mode until 
the scion has’** takmi ” on it.'^ foste*r- parent, I'kc. 

It w'Rs at one time iniugiiied that the unnuiJ layers of w’ood of Dico- 
tyledonous stems grew' dow n absolutely and mecbanically from tho buds, 
of which they w'ere said to represent the roots. It Avas thought also 
that, in tho case of gmfts, tlie scions simt down woody structure over the 
old wood of the stock, so as at Icn^h to enclose it. l^rom the description 
given before of the hoiizonliildovHopinent of the cambium-layer of Dico- 
tyledons, it will bo seen that such notions are devoid of "all ground. 
Merely fluid matters pass up and down in the cambium and bark, and the 
only reciprocal influence of stock and scion depends on the respective 
activities of roots and foliage. 
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The success of grafting depending on the contraction of intimate 
unit)!! bt'tween the cellular structures of the two plants, it is not sur- 
pjisiiig that, as a rule, it is only between nearly n^lated ]jlants that such 
uiiitm is possible. If the sizt; of the elementary organs, the raijklity or 
tlie extent of their periodical multiplication and t‘XpHiJWon,&c. are unequal, 
it is e\ideiit that no permanent coherenee cun exist; a tissue growing 
more ra]jidly \vM)nld tear itself away from one h‘ss active. As a geiu'ial 
rule, the eleiiienlajy tissues agree closely in allied s^jecies, less closely in 
genera of the same Order, ami are very diverse in difl’erent Orders ; so 
we find that gratis take readily on slocks of their own species, to a con- 
siderablt* extent tiiist()cks1)f allied species, and to some extent on stocks of 
genera belonging to tlie same Oid<‘r. As a general rule, genera of distinct 
Orders cannot be grafted A\itb success. The paiasitic ISlislletoe, lioAvexer, 
attaches itself by a natural graft to various trees, such ds Apples, Oaks, 
and even to Coniferaj. 

Some as yet um*xplained exceptions exist to the inclination to union 
between allied genera, iu some eases, also, a temporary union is ellectcd, 
subsequently destroyed by unequal glow tb. 

Among the liosacem we s(‘e l'»‘ars grafted readily on Quinces, with more 
dilliciilty oil Ajjples, and not at all on l*luins or Olienies. (Jlienies and 
the (/herry-liiurel icadily unite. In iheOleacetc we have the J-.ila(! uniting 
A\ith tin? Ash, the Olive with Vhiibjrva. It is extensively pj*aetised also 
Avitli diverse? siieeies as Avell as vaiieties of Ithodmltndron. Tlie l\*ai‘ may 
be grafli'd on tiie llaAvlliorn ; but llie foimer grows so niu(;h faster than 
tile latter llial tlie communication between the two becomes interi’iiptcd 
in a few yt?ais at tin* point of junction. 

The practice.s of grafting and budding are }>rincipnlly caiTu?d on, liko 
propagation by slips ^Vc., for the multiplication of Aurieties, Avliicli are, 
for the most part,graft(id on other varietie.M, or normal specimens of their 
own species, these being far more healthy and ]K*rinum*nt than those 
grnft<'d on alli(?d .species. J'he multiplication of esteejned vaiieties of 
lio.ses, fruit-trees, &c. is chic?tiy elfei^ed by this ineaus, the object being to 
produce specimens }U‘omi.sing increased liardiiiess iVc., or to obtain size 
and ftiriility earlier than could occur in a plant raised from a small culling. 
]Moreo\er, much greater certainty of reproducing the desired form is 
attained tlian is the ease with seeds. The seeds ot an Apple, for instance, 
nirely nqu'mluce the parent form exactly. 

'J'he lV*ach is Avorked on the Plum in l^ritain, because the latter is a 
native of this climate and is stimidated to groAvth in spring by a loAvor 
temperature than the Peach (from Persia) ; it dtics not succeed Avell here 
on Almond-stocks. The l*ear seems to succeed better on Quince than on 
I’ear-stocks in loamy stiils; and many similar instances are well known to 
gardeners. In addition to these circumstances, I'ears, Ajiples, and other 
planta which maybe easilj[ grafted do not readily root frcun cuttings; 
moreover esteemed vaiieticB of Hose &c. are quickly multiplied as 
** standards ” &c. bv budding them on briar-stocks already of several 
years’ grow'th ; and, in the case of new seedJiiign of fruit-trees, buds 
inserted on full-gruAA n stocks are brought to ilower and fruit iu a few 
years, vsdiile if left to grow up into trees alono, tAvenly years or more 
might elapse before they bore a crop. 

Certain phenomena of grafting Avhich are observed in practice cannot 
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be fully explained by our present kiuiwled^e, but doubtless depend on 
causes similar to those just, advertetl to; anumj^tliesi* are the facts that the 
OraiifT-e succeeds bettor on a liOmon-stock than on ono of its own sj»ecies, 
while the Apricr)t does better on its oum species than on the Plum, &c. 
I'he influence of the physicdcigical conditions (jf the st(jck upon the scion 
is turned to account by gardeners in producing a dwarfer habit ” and 
an earlier and more pnjfnae production of fruit. Tlius Apples grafted on 
ih(' low-^rowirig ** Paindise slock '* assume the dwarf habit of the stock 
and b(»coine more prolific. So l*ears on the QuiiKie-stock not only are 
dwarfed in size, but produce fruit much mort> abundantly* than wlien 
grown tm their own roots («r grafted on anothei kind of Pear, (lardeners 
often prm;tise. ennobling ” frnit-trees, \vlieri> buds and grafts are attacJ)ed 
upon stocks of good varieties of tlie )danl in preference to wild stocks. 
Tlius Apples ai^ said to bt‘ much superior when grafted on stocks of good 
varieticM instead of on (h*ahs, See . ; and a kind of crossing of the qualitic's 
of varieties has been attempted on tliis principle, grafting kinds which 
bear sicklv-flavour(*d Apples ujion stocks of rougher vaiieli(*s, .Iargon(‘lle 
and ** mellow ” Pears upon later, gritty varieties, i'tc. Double gi’aft- 
ing ” is done when it is desired to secure a particular Kind of fruit u hicli 
will not iDiilo or graft with the ordinary stoclt ; thus a Pear may lie 
grafted on a (iuince-sto(;k, and on tin* scion may be grafted another Peiir, 
which will not unite directly with the (^.iiince. b\irthor details on the 
subject of grafting, a most iinportani and interesting one, must he sought 
in horticidtural works. 

Sect. 2. Sexual liEPHODUcTroiy. 

Preliminary Observations. — In almost all plants the greater 
part of tiie active existence is passed in the develojnnciit of v(^g(*- 
tativo organs, increasing the bulk of the individual, or occasionally 
also .accoinpaiiiod by multiplication of the plant bvmeresubdivisiou 
into parts. Jlut at certain epochs another tendency manifests 
itself ; the energies of the plant liecomii concentrated in the forma- 
tion of what are called reproductive organs, for the purpose of 
producing and matnrifig those indci>endemt germs of new indi- 
viduals of the sjiecies called spores and seeds. 

The formation of reproductive structures bears a very interesting 
relation to the \egetative dtwelopracnt. Generally speaking, the repro- 
ductive organs arc only f<irnie<l when the vegetative structures have 
become healthily develop'd, so as to accumulate a cortnin nnioiint of 
assimilated matter in tlie substance of the plant. We observe that many 
garden plants grown in unfavourable soil, in shady localities, &c. will not 
flower; and tlie number of years that elapse before the flowering of sucli 
plants asvtho Agave, Talipot Palm, Sic., varies -with the m<iro or less 
favourable climate and s<»il; im»rco\er, in ordinary cases, the flow^ering 
takes place at the close of the season of growiih (except wdiere tho flowers 
emerge from buds provided for by the previous year’s vegetation, as in 
Apples &c., in biennial and many perennial herbs). This indicates that 
vigour of the vegetative organs is a necessary condition of reproduction. 
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Further, reprodur.lion ia an exliauatiuff process; it kills some uiiiinals: 
and excessive fruiting exhausts penuuiial plants. 

At the same time, the reproductixo tendency and the vegetative ten- 
dency appear ccmtrasted and opposed to each otlier; for reproduetion is 
often retarded and replaced by rapid development cjf xcgidative, struclurea 
when plants are placed in too favourable a soil, esp^dally when too freely 
supplied with water; and rankly growing jdants are frequently made to 
flower by gardeners cutting the roots, confining them to small jn)ts, or 
limiting the supply of water. 

The reproductive bodies produc(‘d by plants are either de\ eloped at 
certain epochs from striuHures originally behmging to the \egelati\o 
system, or they are formed in sp'^cial organs. In the lower Algm we find 
the cell'*, as those of the filaments <»f (J^jloijnnium (fig. oi* liipiroffifra 
(lig. oTi), originally true vegetativ«‘ cells, and at a certain stage of growth 
resoKed into reproductive cells and pmducing njmrvs frrmi their giceii 
ctmti'Mts. As we rise in the scale, among the. Tlinllophytes, we soon find 
s]U‘ci)d cells {PvmviUium, kc.^ lig. !,('*) or groups of (‘ills, t'Xclusively 
vegetative or exelusively reprodiu-tive. In the higher (’ryptogams, 
nssemhlagos of organs of vaiious kinds aie formed u])oii the stems, in 
wliieh are ultimately ripened tlie .s;>wvs of this group ; wliile in th(‘ higliest 
class, the Phaneroganiia, we meet v\ith tlowers containing stamens and 
pistils, ultimately producing triu' .sm/«in fruits which aiv t(»tally separated 
in almost evtTV case from tin* vegetativ'e structures. 

The spores of the higher (.-ryptoganis (Ferns, Mosses, iV:c.) cannot ho 

K ’lly compared to tlie seeds of tin* Flowering phnils (that is, nntrplm- 
dly ), since. tli(*y result froni a seri«*s of physiological j»rocesses dillln ent 
in many respects and not direetly dep<‘ii(lent on s(‘Xiinl agency. AVith 
repird to the sporea of the Thallophytes, (uir knowledge is too imperfec^t 
at present to enable us to decide in all cases upon all tlie hoinologi»-s ; the 
probable relations of the diffi'rent kinds of structure are incidentally 
spoken of in tla* Sections devoted to the desciiplion of tla'M*. plants. 

It is probable that re])rc8entativea oS tvv'o sexes, mule and female, exist 
in all plants, and that these conjoin to form the rudiments of the new in- 
dividuals of all Cryptogams, as they do in the formation of Ihi' emhryo 
in the seed of Phanerogams. Hut in the Thallophytes the male and 
female organs are often reduced to .sinqile masses of jirotophisiii, “spe.nii- 
eell ” and “germ-cell ” (these being associated often in tlie saiiu! plant), 
bud-cells, c«w/rfirt, &c. serving the purposes of vegetative propagation : the 
exact particiilaw and homologi(JS are still obscure in many families. 

The lii.'-tnry of reproduction of plants has been greatly studied and much 
<‘nlargeil of late years; many important discoveries hav^e been made in all 
rhi>si‘i>. : and the course of the prucesse-s in Phanerogams and the leafy 
( hyptognins is now pretty well known. Much still remains to be dis- 
covered in reference to the Thallophytes, especially the h’lingi; but in 
the Alga' the processes of fertilization of germ-(!elis hy spermatic cor- 
puscles have been observed more clearly and definitely than in any 
otlier plants. 

Conjugation. — The simplest form of sexual reproduction is that 
known as conjugation, or the fusion of two masses of protoplasm 
the one into the other, as has been already mentioned under the 
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liead of roll-formation, p. 585, and which is adverted to in tho 
description of tho ThallopliYtes. The spore resulting from such 
union is termed a ziftfospore (Mucorini, Algm, Ac.). The conju- 
gating cells are eitlier motionless, or, as in and AcHa- 

hnlariay tho motile ])articles of protoplasm {zoaRporea provided with 
cilia) combine one with another to reproduce the plant. In other 
cases the germ y)arti(jle is sfationary while the spf*rm particle 
exhibits active movements. (Tcnorally both sperm pijrticles and 
germ particles ar(MiTi(*overed masses of protoplasm, the coll- wall 
not being formed around the g(irm mass until after fertilization. 

Further d(*tails relating to the various modi licat ions observable in the 
reproductive cells are given in the wetions relating to Cell-formation and 
to the separate iiutunil orders of Cryptogams. 

Sect. 3. Eepwoduction op Ph.vxerog.vms. 

The remarkable distinguishing charaetcr of this group of plants 
is tlu’i possi'ssion of stamens producing pollen and of carpels pro- 
ducing ovules, the latter cOTitaining a large cell, tho einhrpo-snc^ 
within which is tho or fjerminal vesicle. The aporm-C(dl 

or pollo7i-graiii falls on ilu^ stigma, (*longat(‘s into a long tube, 
which traverse's the style and comes into <*ontact with the embryo- 
sac containing the germinal vesicle. As a consccjiumce of this con- 
tact, the gerrn-veaicie liecorncs a cell, and this ultimately forms an 
embryo, .as describcul in other setdions. In Gyinuosperras the 
polb'u or sperm-cells arc applied directly, without the intervention 
of style or stigma, to the nucleus of tho oviib*.. Tho germ-cell 
here differs from that of Angit)s[)i'rms, and is ejilb'd the corpuscle 
(see ante, p. .'158). Tt is supposed to be homologous with the germ- 
cell or centrjil eell of Lycopods (p. 424). The differeucos in the 
develop m(*nt of the embryo of (Tynmosperms and Angiosperms are 
treated elsewhere. 

Tho formation of the reproductive organs closes the life-cycle of 
the plant either permanently, or, in the case of perennial plants, 
tlie periodic cycle of growth and tlie ])rogeny thrown off, after 
passing through a (piiescc'nt stage of rest, germinate afresh into a 
new perfect morphological representative of the species. 

Alternation of Generations. — Vegetative reproduction {acfnmo- 
ffcnesi^) in its varied FornivS and sexual reproduction (gamiogenesis) 
may be manifested in tho plant at the same time, or they may 
alternate one with tho oth(7r ; thus the production of spores and 
the formation of a prothallus in Ferns is an asexual process alter- 
nating with the development of a perfect plant from the action of 
a spermatozoid in the central cell of the arehegomum. Among 
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Thallophytcs, as we have seen, groat difforoncos often exist in the 
same plant even, in both asexual and sexual modes of re])roduot ion, 
the plant at one time and under one sot r)f oonclitions reproducing 
itself in one way, at another time and under difl'eront conditions 
in another. For ])ractical purposes such ns the iiiv(*.stigatioTi of 
parasitical jdants detrimental to animals or to other plants, it is of 
the greatest importance to know the life-history of the plants in 
question apd the conditions propitious or ad\(‘rse to its s(»veral 
modes of re])i*odm*tioTi, ps with such knowledge it may he ])o.ssible 
to devise a remedy or avert the mischief. 


Pollm-f/rains of Phanerm/amia, 

Sperm-cells. — Pollen-grains, the sperm-cells of Pham^rogainia, 
correspond to the mi(TnH])ores of the heterosporons Vascular (Vyp- 
togaiflia ; their protoplasm exhibits simply a nucleus, with granules 
of starch, oily matters, and other ordinary cel I -contents. In this 
resiiect the}" approach the fertile cells of conjugating Algjc. 


Structure. — In their simplest forms they are singk* cells, with 
a proper cc^ll-coat or iidine., and an outer 
eiiticiilar coat or f\ctun% mostly inark(»(I 
with irregularities, forming a kind of 
pattern on the surface, sometimes very 
elegant. In particular eases tlie outer 
coal is laminated, so that the pollen-cell 
appears to have severjil coats, lii all 
eases the outer coat exliibits one, Jlin*e, 
or many round holes or slits (jtores) 

(fig. 002, e), where tin' iiiiM'r coat is 
bare ; in the pollen of Pm^^iflora^ 6't/ri/r- 
hita^ &c, there exist lid-lik<; covers over 
the pores (tig. <»02, r). Panels or fur- 
rows generally passing along the long 
diameter of the pollen-cell are frequent, 
varying in nuniher according to the 
species ; but these bauds are generally 

only visible in the dry state. a/iiKI” 6 , j4riieifr Injn (rc>ni- 

_ i mi <• 1 . pound ETHin); r, Pii»»iflora I'/F-ra- 

Form and Size. — Ihe form and size Ki; • “ * “ * 



of pollen-grains vaiy voiy much, as may 

bo observed even in the few examples »qwtmnria, forminff puiu>n-f.ubv8 

- « . . . , . . ... ‘ iLtnoiiff fcliM n«ll« of the stiimii 


d, 'Pf^ploe<i grieca’, e, Trtid^ 
'tlvhus; g, 
iMtkrifa 
inff pulU‘n-f.ut 

here figuix'd ; but alt.hoiigh there may ^ rtiRma. 

lx> a general resemblance throughout particular genera, and even 
Orders, they do not often afford good or regular systematic cha- 
racters. They sometimes vary in different genera of the same 
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order, in different species of the same genns, e. g. Viola, and 
even iu the same species, e. g. Fuchsia, Primula, Mimultis. 1’he 
most frequent cases of agreement in allied plants occur when 
they possess com^yound pollen-grains (fig. h, d), consisting 
of a number of pollen-cells pennariently coherent togc^thi'r. 
The most striking ca8(»s of this are those offertid so abundantly 
in Orchldace® and Asclepiadacea* as to form valuable systematic 
characters in these (lrd(irs. Those pollm-^nasses or poUima con- 
sist either of the entire mass of polhm of an anther-cell, or of a 
half, quart(»r, eighth, or sinalh'r fraction, so numerous in some 
genera as to a])pear like granules merely coarser than ordinary 
|)idveriileiit pollen. 

Formation of PoUcn. — 'Flu* existence of ]M)ll(Mi-innsses and conqmniid 
grains is readily accounted fi>r hy thi' history of the development of 
pollen, wliich agrees in tin* main points with that of the spores of Mosses 
(p. 4!i‘d). The pan^nehyina in the eentrul region (d‘ each lobe of a young 
iiiither presents two per]»endicidar rows of cells, one corresponding to each 
t>f tin* four primary loculi, diflerent iu character from those* which 
am* to form the walls. The cells in these seria*s multiply hy division to a 
consideraible (‘xteuit ; and ultimately each forms & free cell from its wlude 
contents — tju’ parent cell of the poil«*n. Tln‘se are set fn*e ])y solution of 
the walls of the parenchviiiatous framew’ork in which they hav** heen di*- 
veloped, and tlu»y then he as loose cells in the loeiili or elumihers of tin* 
anther thus formed. J'lach par(*nt cell di\ ides int(> four ehumbers ; and 
each of these chainh(‘rs (s]»ecinJ part'Ut C('lls) produces a ]>ollen-c(‘ll, in the 
caso of simple pollen-gi'ains si-t fr<*e by the soluti(»n of the sp(‘cinl parent 
<*ell. Tn quateniary poll(*n (lig. (U)2, </) tin* memlmines of the special 
pavenl cells are not dissolved, and thus the pollen-cells are hehl togetlu*r 
in fours; and the more complex (;yndit ions aris(» from the ineinlmines of 
tlie parent cells of anterior stages persisting sutlieienlly to hold their pro- 
geny togi'ther. The iuo<le of formation of the ))ollen in the spc'cial parent 
ci'Us is liy some atti'ibutod to cell-division ; but the more ger«*ral]y ailojded 
\iow is lliat it is formed by frot*-ee]l formation. The nucleus of the 
piront et‘ll divides into two; between these two a quantity of granules (»f 
protoplasm are aggregated together in a direction across the parent cell: 
these granules are siidilenly seen t<» be dividt*d by a line, the first indica- 
tion of the cell-wall betw'ceii the Iw’o cells so produced ; these two again 
subdivide ; and thus four pollen-cells are ultimately found in one parent 
cell. The pollen-masses of the Asclepiadact'm, and perhaps of soiiuj 
(Vrchidacea?, result from a dill’erent process: in these the outer lavt‘rs of 
the primary parent cells do not develop cells in their interior, but become 
conjoined into a cellular ]:K*llicle forming a sac or purse enclosing all the 
pollen-grains formed within. 

The pdllen-cells acquire their ciiticidar coat after they have become 
free ; but part of the material of tliis structure appears to be derived from 
the dissolved 'membranes of the parent cells. 

Zostera presents a remarkable exception to the usual character of pol- 
lep-gniins, the cells here having the form of short cylindrical filaments 
with but one coat, i. e. without a cuticular layer. In these a rotation 
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(p. 641)) of llio cell-contents may be observtnl, wliieli is likewise occasioii- 
svlly to be seen in rectnitly formed pollt*n-tubes of other plants. 4'he 
minuU* starcli-urrains of the ci4l-c;onteiita are noticeable as exhibiting* a 
molecular motion, which was at one time imagined to bo of vital c"ha- 
raelej-, ujid might lead the inexperienced ti> suspect the existence of 
juinuto spiTiiiatozoids. 

Examination of Follon. — Pollen-grains should be examined lirsl as 
dry or opaque objiH ts, an tlicdr form and dimmisions are altered by en- 
(losinosis wlion immersed in fluids. Oil of clovi*s, syru]), glycerine, or 
na])lillia are T'onveiiient iluids for examining pollen. A large number t)f 
]i<»lleii-cells, illnsiralive of (lieir form and size, are given in the * Oardeners 
t Miinnicle,’ IS7)>, pp. 6I(> and 64S. The discrepancies in the descripti<uis 
given by various authors depend on the conditions imihn* which the pollen 
is examined. In the anther, and immediulely after expansion, it is gene- 
rally globular, but il often speeilily assumes quite a dillereiit shajie. When 
llio pollen is transport's! by the wi ml, it often ha])pen8 that tno llowcrs 
are relfitiv<*ly niiatlract ive, and tbi* individual pcdlen-e(*lls relalively small 
and smootl). In insect-ferlilizt‘d llowers, (»n the other hand, the fiowers 
an* attractive anil the pollen spiny or furrowed (Bennett). Too much 
stress, however, must not he laid on this point. 

of Gf/mnonpermiti, 

The polleu-graiiis of the (ilynniosj)eriiua [)r(‘sent- a modi fical ion 
of the structure above* described. They are not simple eells, but 
])roduce in their cavily, even before they are discharged from tlto 
anther, juinute daughter cells, from one of wliich the polleti-tube 
is d(‘velopod, and ailhereJifc to lliat side of the pollen-grain where 
ilii^ slit exists in llio outer membrane. This formation is analogous 
to what is seen in the microspon\s of Mafjioellaj which in like 
manner jiroduce a rudimentary (j). 426). 

Accfirdiug to Scliaclit, in Varus and Cupressus the poUen-cell only di- 
vid<\s so as to form two unequal portions, of wdiicli the larger develops 
into the polJeii-tnho. In Tjftru' and Abios (fig. 003) the |xJlon-grain.s ap])ear 
to consist t»f a central and two lateral cells of dillerent appearance to the 
central cell. These lateral projections are often finely reticulated, and 
are mere vesicular protrusions of the extine. The central body is the true 
pollen-cell, in w'hicli c(dl-di vision goes on, as in the case of Cupressm above 
mentioned, but w4th the dilicTimce that three or four dauglitcr cells of 
unequal size are produced instead of one, the uppermost and largest of 
tln!s «5 new’ formations being developed into the ]^Hdlen-tuhe, which ]>asse8 
through n rent in tlio extiiie, the other forming a kind of susjKmsor. 
Strasburger dissents from this view, and says tliat tliere are never more 
than two cells, the one marked q being a simple fissure or rent. The 
pollen-tube, according to him, is the result of a protrusion of the intine 
and not of the wdiole cell. 

TclnstiakofTs resiuirchcs into the rondo of formation of the pollen of 
Conifers aro remarkable as shelving varying degrees of complexity and of 
traasition between the formation of new cells by division and the process 

2 s 



626 


PH YSTOLOfiT. 


of free-cell formation ; aiidtliey cHiablish an homolog^y with the mother cells 
of the antherozoids of CryptofrainH. The processes 
are soniewdiat complex ; hut if the lamination of Fig. 60.1. 

the cuticle and c*^ll-wall he borne in mind (p. 520), 
and the diflere.ntintioii of the ])roto])lasni into nor- ^ 
lions of varying density (p. 495) and crystalndd 
form he riMuenihered, the stages fif the » process ^ 

will h(^ inorci readily understood hy the stuuent. ^ 

Tcliisliakoir^s n'sea relies show that tlm pollen 
of these plants is divisible into two groups, those 
with and those without vehicular protrnsiuns 
i)r nii*-hladders. In both cases tlie mode (»f for- 

mation of the extine is idcmticnl. In hotii cases g 

it consists of tw'o layers; hut where there avi‘ no ^ 

air-hladdt*rs the two layers of extine an* formed Ui 

silliultanecnisly. In the op]M)site case they are of Bprnrp Fir, nflpr 

formed in succession, tli(*re being at tirst bet ween Bdinrhi,: W, the vesiculnr 
the two an intiTsjmce tilled with gelatinous thiid, 

which ahsorhs niindi water hy endosnmsis. Thi* m ii di vrlolw into thr pol- 

Irn-tul'i*: i, tin* intinr; 


interspaces tlu'refore heconio much distended, **,’'*"H*^'‘‘* j?*'‘*V* ’o^! 
and ultiiriati’ly ftirni the air-hladth'is attached to * \d,. pnahlilhiH* in rlmtart 


nil* prothiilliiH in contact 

the grain, the Iluid eontents disa])pearing. 1’h' ^iih tin* mtinc (iictortiinB 
net-lilo* markings on these bladders are due to 
tlie rennuus of protoplasmic threads adherent 

lo the extine. As to the division of the pollim-cidls and formation of a 
male pvotliallus, M. Tehisliakoff admits three types: — !, that of CitprvsRm 
ami oth<‘i' genera; 2, that of Lari.r^iW *1, that of Ahies iV:c. In all cases 
ili<‘ starch in tlie cells hi'coim's tiissohed, tht* (•(dl-wall ( inline) sw'clls up 
and iM'Coiiies more hygroscopic, so that hy its di>tention it throw's oft the 
cuticular extine, when the jiollen-liihe.s begin to grow' or germinate. 
While these <'haiiges in tht» inline art* taking place, the outermost por- 
tion of tin* prolojilasin bt*(*.omes developnl into a hi*]>!iral«* layer of glohnle.s 
or erystnlloid niiisst's surrounding tJu* wlade or tnily a portion of tin* 
plasma or ct*ll-conteiils. TIu* formation of llie now' cells may takt* place 
simultaneously with, or after, the dilleveiitiatitm of this ]ieri])]ieral layer 
nroto)4asin. w'hich, in the latter case, takes no part in the division. 

Ill the ("uprriviits or Thuja tv]u*, the pollen-cells either do not divide, or 
each dh ide.' into two cells, ^ln*. starch is dissolved, the nucleus divides 


into two : of thesi*, one h(*comes more homogeneous, denser, and more 
transparent tlian llie other, and reseiuhh's tlic homogeneous beak of tho 
/oospores of Algju. llotli may he surrounded hy the layer of protoplasmic 
gh)buh*s just described, or one only. 

In the Iau'u' tvp*, instead of two subdivisions of the plasma only, tho 
tw'o tirst formed di\itle again. In the case of the last subdivision a por- 
tion of the idiisma becomes deD.ser and more homogeneous, as in the 
foinner case. In IHnm tw o or three subdivisions take place, the cells so 
fornunl constituting a nmpemorj tho cell-ili\'ision being preceded hy 
changes in tho protoplasm, ns in the case, of Thuja. The third cell is 
formed suhsoqueiitly to the oUhts, and is of a hemispherical form, sepa- 
rated by a partition from tlm second cell of tho siispensor, hut ha'V'ing no 
direct communication wdtli the cell-w’^all or iritint*. ; ncwertlu'less tho mode 
<if formation of the j>artition is the some Tlmt portion of the protoplasm 
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in contact with tho partition aenarating it from the second cell of tlio aua- 
pensor hoav jsecreti's a cell- wail o\cr the. hemispherical nnrtion of dense 
homogeneous protoplasm found in that situation, and tiie new cell is 
formed. 

In the Ahitu ty]M^ the two first cells of the suspensor are formed as 
aljove indi(‘at(‘d; hut the third is formed bv true fn'e-eell formation, and 
is rpiite detaelieil from tlie suspmsor. In the early stajjfes it is lilie that of 
Piiiits; but Mibs(*cjue.nlly it inav beeonie cmnpletely isolated and divided 
into st'condary aiul tertiary subdivisions, often in a spiral dii'ection. In 
the ^^‘rmintftion of the pollen-tube, the iiitine of the larger of the two 
cells into which the priimtave one divides alone forms llie tube. In IHnm 
there may be more than one polli*n-t ube, in c‘ither case very laiye. In it 
is soiiHitiiues formed, by free-cell formation around a nucleus, a large cell, 
wliieli liecomes ultimately liberattul by tlit‘ absorption of the walls of the 
]M)llen-tnbe. 

The new ef'lls Ah-iiumI by fref‘-cell formation and attached to the aiis- 
]H*nsor, a.N vs ell as tliex* formed freely in tlie pfdlen-tube in tlu^ course of 
its foj-jrialion, are to bt* coiisideiuMl, according to this author, ns the riidi- 
nimits ctf tlu‘ mother cells of the aiitherozoid, the presence of wiiieh 
I l•lfmei^ter had prexioii-lv suspect<‘d. ^IMie cells of the suspensor cor- 
res])oJid precisely to tin* cells of the male prothalliis of Inoetvs. 

In tlio JMianerogains, when a pollen-gniiri falls upon a stupna in 
its profier or “ reecpl i>o ” slain (known bylhc presence of a sac- 
charine sccrclioii), tho inner coat is jirotruded in the form of a 
blind pouch (lig. Ii02, 7i) from one or mon^ of the pon'S or slits 
of t he pollen-ccll itself, and, nourished by the stiginalic siuTotions, 
grows into a tube of great tenuity, vvliieh makes its way through 
the loose stignialic cells, and passes down (lie canal of the style 
into the cavity of tlie ovary, there following the course of the pla- 
centas wluMi the ovules are numerous. 

in the (jryninoHpcTins tin' polk^i-grains fall at once upon tlie 
ovules and pass iiilo the inicropyle, sending down their pollen- 
tubes (li(*re developed from one of the daughter cells, whie.h pene- 
trate through the proper coat of the jiollen-cell) into the sub- 
stance of the nucleus of the ovule, towards tho deep-S(*ated 
embryo- sae. 

The forraatidn of imperfect pollen-tubes may sometimes })0 caused by 
pbn'ing pollen-grains in syrupy fiuids; but when they are placed in dilute 
bulphuric acid «S:e. the exlrusion of the inner coat which results is mostly 
n process of mechanical expansion, and the projecting pouches soon hurst 
and discharge tlie contents of tho cell, owing to endosmutic action. 

Ovules of Plianerogamia. 

The ov'ules of Phanerogamia are all constructed ac^i-ording to 
BOiin^ modification of ouc general plan, which has been already 
descrilMid (p..lI57). In the succc^eding paragraphs some further 
details as to its history may be given. 
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Ovules of Gijmoospermia, 

Tlio oviilrs of llu^ (i vTniios])erniH, Piiwrr.T and 1hr*ir allios niul 
Cv(‘adamf, ar(» j)rodu((‘d upon open car|»els, so lliat Ujo j)oll<*n- 
grains hjiM* diroet. across to Iho mieropylo (fig. ^>07, A, a). In 
J*iuus two of these ocenr at the ha^e of the carfxdlarv scale. Ea<‘h 
consists of a nucleus (or inacrosporange) with only a single iiite- 
guinent (fig. (iO.5, A). In this first figurr* the priniaiy onihryo-sac, 
or “ Tnacrosj)ore,” is re])n‘sented in tht* ernilre as still^vcry simill. 
Before the pollen-grains fall on the micropyle of the ovule, the? 

Fig. 0)04. Fig. cm. 



OiU. Dm^riinimuticftrctioii ofiin oMili ; r/. niiilriiH ; A, c‘Uibryo-i*Hi' ; cjniieri'oat; ouh’r 
c'Oftt; e, nuerop’h* ; f, chnlaw ; //, (uineuliiB. 

Fig. 605. Young ovnh'sof Pinvu. A. Vortn-ul Sfclion at thi* tiini* wlion Iho primary riubryo- 
Bfu* is n HTim]I orll in Ihr cent 'c of the niieleiiB; in, niicropj hi. B. Section of nn 
older o\ule: ni, mieropyle \ h two pidleii-grninH mi the npex of the nueluuB; e, 
iho primury oiubryo-Hiic till with cellular tiBBue. Mngn. .'lO dinin. 

einhryo-sac becomes filled np, by free-cell formation, with delicate 
ct'lluiar tissue ((*ndos])enn-ee]ls), Mhieh soon disappear, to be re- 
placed hv a fresh development at a snhs(»qiiont period. This en- 
dosperm is the teinalt' prothallus. I'ig. (»0o, II, represents a section 
of an ovule with an enihryo-sac (r) tilled up in tliis viay, and two 
])olleii-grains which liave ptuietrated into the inicroj)yle (wt) pushing 
their pollen-tubes into the substanee of the nucleus. 

In the upper part of the mass of the last formed endosperm (/>), 
from five to eight cells are found to expand more than the re.st, 
lorming secondary enihryo-saes or corjfuscnla. I hose are not formed 
in the superficial cells of c, but from cells of the second layer, so 
that^pach is sejiaratcd from the membmne of tlie primary embryo- 
sac hv one cell (fig. GOO, A) These corpuscnla, as they were called 
by Kobert Brown, their discoverer, are \erv much like the arclie- 
gonia in the internal prothallium stnicture* of /Selaywella. After 
a time the secondary embryo-sacs divide into an up])er or ned'-eell, 
aiid a lower or central cell, eyy or oosphere. The neck-cell speedily 
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(Uvidos and siibdividL's to lonn the roRette^ wliidi sunnoiiiits tlio 
cviitral cidl. I n Ihi* up[>er ]Kiri of I Ins lattor is IIkmi l'ornu*d, from 
Kiibdivisiou of Iho imclciis, a very d»dii‘ate coll, wiiich is (-allod tho 
eanaUcAL Tho iiuituro t*orpusclo thorofoiv consists of a lariat* 
central cell surnioiintcd hv a roseth* of small ci*lls ])laceil imimsli- 
aloly Ixmoalli the wall of llu' primary eml)ryo-sac, or scparatial 
from it hy a rnun(‘l-sha|)ed space. "I'he polleii-tnbc, after rcmaiii- 
ini^ pas.si\e»ft»r a \ariahl(' space of time, talv(‘s on acli\e fj;rowtli, 
traxersos the endosperiiP, ami arrives at the* em])rvo-sac hy the time 
tli(* corpiisciila are de\elop(*d. It peiietrales th(' wall of tlic; cmu- 
hryo-sac, enters into and dilates th(‘ 1 nnm*l-shain‘d space just 
inonlioiK'd, })asses down ixetweem the cells of the rosette, pushinuj 
tli(*m on one side {Tn.viiien.^ (UtjnuRRunn), or causiiii; their ahsorp- 
tion and disappearance {Ahidiinui ) as well as tliat of the ranal-nU, 
and timilly ptmet rates into the eaxity of tho central cell. Tho 
chanj;(\s which tale* t)laco in this latter ans aecordins: to Slras- 
hnrg(T, these: — disa[>pearanc<' of the original niicbms, and forma- 
tion of four to eiiijht ii(‘vv nuclei hy ccuKhmsalion of the [mitoplasm 
and siihse(|uent si'crction of a celJiiIoso wall around lliom. In this 


Fig. GOO. 



DfTflopracnt of nnlirvo in Coniforjp (PinuM): A, piH»r jmrt of the ombryo-RHC, with firo 
curpu>n'uUt or ; U, the •Mime mure ml .meed, the ri^ht-haud oiih willi n |mllen- 

tube (p f) in Its r:m:il liiid gerniin.sl <'*n'\Aisrivn ( I) at tin- baHe'; C, J), K, miccesHiif ht.i(;«-s 
of drvelopnieiit of 1/ m It; F, O, il. d* lelopmeii of tbi‘S(> cells into BiiH|M-nNi>rM, at the end 
of one of Im h llie eniln'vo is t>riKlueeil, aliovrii n I {tui ). Ma^u. lUU diain. 

way four to ei;i;]it new’ cells are formed by freo-cell formation in 
the central coll after fertilization; these new cells dixide so as to 
form cellular Idaments. wliieh break out through tho bottom of the 
endosperm into the substance of the nucleu.s (fig. (>0f>, K, (1, IT ). 
Ai the ends of these lilameiits cell-division again occurs (1) ; and 
from the anex of one of these susjyenifors or procmhri/osm de\ (doped, 
by repeated cell-division in various directions, the embryo (1, em). 
At one stage (in Thajn) a single apical cell, the terminal one of a 
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group of five, from wlucli ultiinaiely all tlio tissues of the embryo 
are formed, recalls the siuglo apical cell of Cryptogams, but it is 
soon lost by subdivisiou. As there are several corpuscles, and 
each produces four suspcnsors, a large number of rudimentary em- 
bryos are developed ; but usually only one of all these rudiments 
is perfected. 

l^iat embryo which is fully develojxjd gradually increase's in 


size, and most of the structures 
above described disnp])oar, so 
that the ripe seed exhibits a sin- 
gle embryo imbedded in a mass 
of endosperm or albumen (fig. 
007, D), the latter originating 
apparently from the nucleus of 
the ovule. 'J'he radicle is covered 
by a pileorhiza^w\\\(^\ is intimately 
blended with the substatice of the 
endosperm. 

The plieiiomona pn^sentod in other 
PinacejD, in Taxm^ and in the (U- 
cadaceje agree in most of the essen- 
tial particulars. I’here appear to ho 
some curious peculiarities in the 
(Inetacope, which are not yet com- 
pletely made out. In Weiwitsichiay 
whone anomalous structure has been d 
sacs grow out of the primary embryo 



PtfiN« nylrcfiirm A. Ca “pel with two nakod 
oviilrs; roi)3h‘ U, Carpellary sealo 
•f rip*' ooni*, witli Hoeda (a), C. A Be**d 
sepnrafod (//), having a wing-liko proceBU. 
D. Vertical H*‘otioii of the ficcil (Ci a). E. 
Young plant from germinated aeed. 

escribed at pp. b’17, the ombryo- 
•sac *. 


Oi’uhs of Anfjiospenniu, 

The early history of iho ovules of this group is analogous to 
that of the ovules of Gymnosptjrrns, excepting in the particular 
that they arise from the placentas existing in (dosed ovaries in- 
stead of being developed upon the exposed surfaces of open carpels. 

The ovuh'S arise from the placentas as minute cellular papillae 
(fig. fi08), which gradually take form, and exhibit the regions and the 
modifications of their arrangement described in an earlier section. 

The annexed drawing (fig. (509) — actual views, drawn to a scale, of tlie 
development of the minute ovular of Orchis — illustrates the gradual for- 
inatirip of the coats, &c. Fig. r.00, a, repriisonts a young ovule projecting 
out from the placenta, befiirc it lias become aimtropous; the nuedeus here 
consists merely of the oinbryo-sac surrounded by a single layer of cells, 

* For further details, which the restrictions imposed by the size of this 
volume forbid us to enter upon, the student slioidd consult Strasburger’s 
‘ Bofriichtung bei den Coniferen.’ his * Conifereii und Gnetiiccen,' and especially 
bis treatise ‘ Zellbildung und ZL'lltheiliiug.’ 
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which layer is absorbed as the ovule grows (c, £?), so that the embryo-sac 
constitutes the whole nucleus of this ovule. In a the inner integument 
partially encloses the nucleus ; in b the outer integiiiiient has grown up 
over this to a certain extent; and both are still more developed in c, 
where the inner coat has covered up the nucleus (leaving the endoAtome, 
p. 137)^ but itself projects from the outer coat. In d the outer coat has 



Fig. 608. OviiloH, Hhowing gradual formation of coals OMir the iiuclt^UH and progretwive cur- 
vature. 

Fig. 609. Develoiinieiit of the ovule of Orchia Morio ; a, a young ovule, with the nurlcus 
projecting from tho inner coat ; ft, an older ovule becoming anatropoiiB, witli tlio 
outer coat growing up over the inner; c, Hcctiun of a more advanced ovule; rf, 
Bection of an ovule wrth the pollen-tube (pO poHaing down the micropyle, and 
in eontnot with the einbryo-aue; y^an embryo-Hao extraett-d, with three germinal 
eorpiiHelea; another, with the end of a pollun-tubu adherent. Magn. about 
loo diara. 


grown up over tho inner, and the microinjle or foramen (p. 137) consists 
of a wide exoslonio and a narrow endostome, into which tlie pollen-tub(; 
(^pt) has penetrated. 

Ovules are seldom so small, or composed of so few cells, os the fore- 
going ; more frequently the nucleus is a cellular mass of some size, and 
tho coats are composed of several strata of cells. The outer coat is the 
primine^ tho inner the sccundine, of Mirbel. 

At the epoch \^heii the pollen is scattered from the anthers, the 
ovule presents the characters which are illustrated in tig. 610, 
which represents the anatropous ovule of the garden Hyacinth. 
The nucleus (tig. fJlO, w) is surrounded (in this case) by two coats 
(s &p\ which are perforated above by a canal, the micropyle (wi) ; 
at the base of the nucleus is the chalazal region (c), whence the 
integuments (s &2>) arise, and where the (r), with its spiral 
vessels, ends. In the centre of the nucleus is a long sac (es), the 



632 


PITTSIOLOnT. 


ombryo-sac. It \» a large t?ell, filled 
with walery fluid and protoplasm, and 
contains at its suniinit the (jermiual 
eorptiscln (fi v), globnhir or oval masses 
of protoplasm, one of which becomes 
the germinal vesicle. 

Some authors assort that these cxirpiisch's 
are rf//s befi)re iniprogniition ; but we liold 
that they iir(» iiuM-ely corpuscles of proto- 
plasm, or rntlior free primordial utricles 
i p. 4tl5), like tlie unfertilized spores of 
(p. 44»‘l). In tig. (il2, A, c c, is shown the 
condition before fertilization in Santalmn. 
Most observers eonsidtu* that the germinal 
vesicles exi.^t before fecundation; but Tii- 
lasno inclines to the belief that they are the 
first results of that process, in some eases, 
at the bottom of the embryo-sac, small cells 
{antipodal rvUs) have been seen, which are 
formed before the germinal corpuschis by 
free-cell formation, have onlv a t«*mporavy 
existence, and disappear after fertilization. 
I’he purjiort of the>e colls is not Known. 


Fig. rdo. 





ViTtifiil Bt*ction of thp ovv»li* >f tho 
^ardi*n llviipinlU, jimt I *foro 
jiiipri‘f;nati()n : y, fiiiiirtil f, 
riiplic; c, oliahiBu ; a, iiucIoiih; 
/r, itiTK'r iutofi'iiniiMil; p, ouUt 
inh>guini>nl; microjiyli^ ; <?#, 
rtubryo-Btiu ; ei. f;i>rnunul cor- 
)niH(‘ius()U(> of vvhirli jjivos orifrjn 
to thr onibryu. Mill'll. ‘Jo dium. 


EmbryO'Sac. — Tho ombryo-sac is nsiially solitary, but in 
Crucifers there an) s('\eral, one of wJiich alone becomi^a fertilized. 
It exhibits difT<^reut modes of develo]uruMit 
in different Orders of ])lants. in the Fig. Oil. 


Orchidaceac tho cell which constitutes tlie 
embryo-sac (h’g. 000) ver^^ ^ooii olditi'- 
rates the surrounding cells, here a single 
layer, and comes to form the entire nucJinis 
(c, cl, e,f). In the C^omposilic an analogous 
condition is met ^\ith. In the rA*guiiniiosa> 
the ernbryo-sac soinelimes expands so much 
as to cause the absorption of the inner 
integuuKint even before fertilization. In 
(rvmnosperms the embryo-sac remains sur- 
rounded by layers of cells Ixdongiiig to the 
nucleus till after fertilization has taken 
place. 

The,, embryo-sac often only occupies a 
moderate part of the nucleus (IJg. (>10), 
and may then be a simple cylindrical or 
oval sac, or run out into pouches or diverti- 
cula, as occurs especially in Scrophulariace®. 
A remarkable condition occurs in SantalaccsD, 



V t‘rtieal,H('ution of thi* ovary , 
coiit^iniiiK one ovule, of 
Carduu ^ : #, biiHe of the 
canal of the style ; w, body 
of tin* o\iiJf‘; pt^ bundle 
of pollcn-tubcN, dcacerid- 
ing from th«i stigma; c«, 
fiiibryo'Sac; c, nascent 
embryo. Magn. 2& diiuu. 
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where the apex of the embryo-sac grows out from the micropyle to 
meet the pollen-tubes, and in such plants as Kph’ih'a or Weliritschid, 
wherein the coat of the ovule is ])rolonged into a styliform process. 
In iSantaluM alJmni and some other plants the embryo is developed 
entirely outside the imclens, in the protruded ])art of the sac, 
Sehacht says tliat the embryonic vesicles in Santaliim, CVocjw, and 
a few other genera, are much elongaied ; the lower end becomes 
rounded off into a coll, w'hih^ the other end projects beyond the 
embryo-sac into a slent^er tubular prolongation into the micropyle. 
The sides of this are striah‘d and gave risci to the a])pe.llation filiform 
appendaije, which is considered by Ntrasburger to correspond with 
the miial-cell of Cryptogams. It is not clear whether the protru- 
sion just alluded to is really from the embryo-sac or from the 
germinal vc^sicle. 

Passage of the Pollen-tubes.— When the pollen-tubes are formed 
' in the stigma they gradually elongate by growth at the apex into 
tubes whhdi pass dov\ ri the canal of the style when this exists, the 
bitter being sometimes several inches long. The time occu])i('d in 
this growth varit's from a few hours to several weeks. Lii the 
Hazel-nut and other similar plants the pollen falls on the stigma 
ill sjiring before the ovules are oven formed. The pollen-tulu's 
derive their sustenanco from the tissm^s througli which they [lass, 
and mostly die away above as they grow below ; and the stigma 
withers soon after the pollen-tubes have peuetratud. 

It is remarkable that the stigma remains fresh for a considerable time 
in uiifertiliziid ovaritis ; and in tluj occasional cases of developineui of an 
UTiferlilizod ovule, which bus been in some ilitjecioiis pliirits, as 

Cwlrhoffijne, lloinp, MmnirutliSf &c., tiie stignui does not wither. 

Pollon-tubes.— TIic pullcn-tuhcs are extiecdiiigly minutti, the diameter 
avtivaging from or of an inch. Jlut Amici estimated the 
number of pollen-tubes formed from the pollen-masses of Orvhift Morin 
at Ti0,000. Experiments have shown, however, that, under favourable 
circumstances, n very few poUeii-gniins suffice for even a iiiany-oviiled 
ovary. Kiilreiiter found that when 20 pollen-grains were placed on the 
stigma of llihimis TrionmUj 10-10 ovules were developed ; with 00 or 
00 grains, above 30 ovules; and 1, 2, or 3 at the most sufficed for the 
siiiLfle ovules of Mirabilis Jal(f2m and M. lunffiora. 

The bundle of pollen-tubes proceeding from the style is distributed in 
fractions, or partial bundles, to the placentas, when several of iheso exist. 
The pollcii-tubes make their way to the points of the ovules (figs. Oil, 
p /, & 000, dfpt)j and one or two enter the micropyle of each. Gene- 
rally speaking, the tube ceases to elongate when it reiudies the outer sur- 
face of the apex of the embry(j-sac. Sometinieh it runs onwards a little 
way (fig. 000, .r/), ofum depressing the membrane of the embryo-sac a 
little. According to llofmeister, it actually breaks through into the 
embryo-sac in Canna. In all cases it contracts a firm adherence, and 
possibly a kind of conjugation takes place (fig. 012, 11). The end of tlio 
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pollen-tube is always intact and without visible apertures. It never con- 
tains any cellular formation within it. 

The arrival of the pollen-tube upon the surface of the einbryo- 


Fig. 612. Fig. 613. 



Fig. 612. Apox of the emhryo-Hac of San/ahtm album: A, just before iinpreunution ; B, with 
the pollen-tube {p t) oilhurcnt. and a oelluloau niembraiio upon tho gurminal cell 
(<r«). MaRn. 400 fliiiin. 

Fig. 613. Development of the eiiibryo and seed of Tetragonolohua jmrmreu^. A. Section of a 
seed soon alter fertilization ; e, cmbiyo. in the u]>]>er end of e *, the cnibryo-sac. 
which in this stage is nil that remains of the nucleus ; t i, internal integument ; e », 
external inti^nient; e/, epidemal layer; w, mieropyle; c, chalazn: r. raphe; /, 
funiculus. B. Beotionnfhalf'ripe seed, with internal integument obliterated, and 
the emb^o-sno filled with endosperm-cells: co, eotyb'dftn ; ro, radicle of the em- 
bryo; kit hilum ; other referon(>es as in A. (This section represents a condition 
which is permanent in nlbuniiiious seeds.) C. Heel Ion of a ripe seed, in which tho 
growth of the embryo has obliterated the endosperm, and th<‘ seed consists merely 
of embryo and testa; the latter is composed of the perdsteut external integument 
with its epidermal layer. 

sac is followed by the develop meut of one (rarely of more) of the 
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perminal corpuscles (fig. 612, A, e v) into the germinal cell (fig. 
612, ]3, ev). 

In Orchis f two of the corpuscles are sometimes di'vc'loped into embryos. 
In CitntSy as may be readify (d>served in Oraugti-pips, two inubryos are 
very frequently formed in the seed. 

DoTelopment of the Embryo. — The development of the germinal 
cell into tluj emhrgo exhibits some variations in diffiTent cases. 
Most frtMfueiitly the cell divides transversely, and the upper cell 
often elongates (sometimes dividing again by septa) so as to form 
a tubular confervoid filament, proemhrt/o or sas^ensor, hanging 
from the top of the embryo-sac, and bearing at its lower end tbo 
true embryonal cell^ which soon divides transverscdy and lengthwise 
into a more or loss globose mass of cells, which are ultimately 
shaped into a mono- or dicotyledonous embryo. This suspensor is 
st\*n, especially in Cruciferu), Scrophulariacom, &c. ; it is a siiigle 
globular cell in Potamoyeton. In Zea, Fritillaruiy &c. the germinal 
cell does not elongate at all. In Orchis the susjiensor grows out 
from the micropyle. 

Changes in the Ovule during Fertilization. — Difi^erent ebangt‘s 
are undergone by the parts of the ovule during the development of 
the embryo (tig. 013). In aperispermic seeds the embryo in its 
growth destroys all trace of the nncleiiSy and in the ripe seed lies 
immediately within the coats. In seeds with endosperm the com- 
monest condition is for the embryo-sac to hcjcomo filled with 
cells which are moulded over the embryo internally, and to expand 
externally until the surrounding tissue of the nucleus disappears, 
or remains only as an element in the coats of tin* seed. ^IMie tisftUe 
developed in the embryo-sac foriiis the endosperm. In riptjraeoje, 
Isymphajaceie, and a few other cases a double perispenn is formed, 
endosperm being formed both inside and outside the embryo-sac, 
the latter being developed from the tissue of the nucleus. 

No rules can he given for the homologies of the coats” of tlio seed — 
the testa and tcymm or endopleuray — which are formed eithtjr from tli« 
priminc and secundincyov from these and the nuclem — ^aiid sometimes from 
one alone of them, its tissues undergoing a ditlerent development in dif- 
ferent layers. 

Fertilization, 

The existence of distinct sexes in plants was inferred by Linnaeus 
from certain arrangements which he descxdbed, and w'hich would fa- 
vour the process of fertilization, though it was soon seen that in many 
instances, as in the case of bisexual plants, the agency of the wind 
or of insects was required to convey the pollen to the stigma. Ex- 
cept in the instances just alluded to, it was the general opinion that 
fielf-fertilizaiiuu was the rule in hermaphrodite ilovN ers, t. e. that 
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the stamens of any given flower shed their pollen on the stigma 
of the same ll()W(?r. ISprengol, however, and recently Darwin, have 
done miuih to prove that though a flow er may be structurally her- 
maphrodite, it is usually functionally bisexual, and that a greater 
number of healthy seeds are produced when a cross-fertilization 
between the stamens of ojie flow'er and the pistil of anolhiir flower 
of the sanie species is clfected. Darwiu o\'eri states tliat in those 
cases where self-fcTtilizatlon is the ride, a cross occasionally occurs. 


Fig. 614. 


Heterogonoua flowers.— 'I’lie facts just mimtioiied may be illustrated by 
the case of the coiuinuu Primrose, the 
flowers (»f wliich are dimnrphic or hrUro- 
stjfled: in sumo the staiueus are long and 
])rot.rudo beyond the ijorolla; in otlnus 
tin! stylo is long ainl pr(»joetiiig,\vhilo the 
stallions are coiieealed within the eorolla. 

Asa dray, in order to (‘inulmsizo the fact 
tliat the diilerenci'S just alluded to are in 
the aiidrujtdum and g\ua*ciuiu, and not 
ill tho florid eii\elnjM‘s, or in one si*t of 
sexual envelopes, only jiroposes tin* t(‘rm 
hctcropone fur such iluwers. Tlu» must 
completo fi'rtility ensues, /. c. the greate>t 
iiuiiiner of fertile seeds is formed, 

•\vh(*n pollen from tho long sUiruons is 
imule (by insect agoncy or otherwise) 
to pass, not on to tho short style of tho 
same flower, but on to tho long style of 
another flower. Other jilants, such as 
Ljfthrum Haiicaria^ are tnmotyhtc, ha\iug stylos and sf amons of three dif- 
ferent lengths. Keciprocal fertilizi^ioii is jiossihh* between any two of 
but tho most ^lerfect or Irf/ittmafe fertilization occurs when the 



FolyantliiiH : a. Rtamcna rxmirtod, style 
excluded; h, style cxserttsl, sta- 
xnens incliult'd. (Seen in section.) 


thest 


style of one flow er is imprc'gnated Avilh pollen from a stamen of equal 
length Avith itself belonging to aiiotlier now’i*r. Fertilization occurring 
beiwi'en stamens and pistils of dillereiit lengths is culled illogitinKtte, 

Mr. DaiAvin’s experiments show that a similar diflermice in the degree 
of fertility exists in tlu' case of tho illeptimate unions of luiteTogonoiis 
fl()Avor.s, as contrasted AA'ith legitimate unions belAveen flow’ors of the same 
species, as is manifest hotAveeii hybrid unions bet\v(*en tAA'o distinct species, 
tor iiistaiici', there is tho same or a similar eiiflicultv in efiecting a fertile 



Aull ]^e either iiifertile, or tlie number of seeds and the A'igour of the seed- 
lings Avill be diiuinislied. Hybrids, then, may t*xist not only between two 
species, but even betAveen dillereiitly constituted individuals of the same 
e])ecies. Sterility of hybrids, then, is an uncertain distinctive mark of 
species. Col. Clarke has eA'enshoAA’n that the hybrid between two genera, 
EUsena and is fertile. Mr. Darvsdn atlinits twm subdivisions of 

bermapbrodite jilants, viz. : — 1, hderontyhd or ditrimorpliic floAvers, as in 
the IMmrose j and 2, “ cleutoyamic ” flowers, or flowers adapted expressly 
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fr)!' self-fertilizntion, iiiasnnicli aa Hciwora oit.lier d<i not oxpand or tlioir 
buda are inoonspicuoiis, and thus oilor no attractioiih to iu.s(*its. Such 
ilowers are very (lomiuon on Aloleta, tlioiinrh coinmoiily overlooked. They 
3neld more nniiierous seeds tlian the brijrhlor-coloured flowers. 

Monaciom plants lik(‘ the 1 lazed, which Imvo the sext's in different 
flowers on the same plant, may be snlKlivided into two classes, according 
as the anthers are niw' b(*for(‘ the pistil, or vice the «)bject clearly 

being to favour thf‘ ctos— fm-tilization of different plants. Many herma- 
phrodite (structurally^ flowers are organized in a similar manner. 

^daiits, or those with the flowers of tlie two sexes on difff'rent 
plants, must lU'cessarily be^ross feidilizi'd, and, as we havi^ just seen, iiiaii}' 
plants struct uriill\' momveious are rendered practically ditveious hy the 
different tinu's at which the stamens and pistils respectivelv come to ma- 
turity. Among dimeious plants the diffenuice btdween the sexes is soine- 
timt‘s reniarkabh" great : thus among llestiact'm, sedge-like weeds of Aus- 
tralia ainl the Cape, it sometimes happens that the male and female plants 
(if the saim* sp(‘cie.s are so diHereiit that the ftunale much more closcdy 
.rt'seiiibles the male (»f a totally diff(n*ent gt'iius than it do(‘s the male of 
its own s])e(d(‘s. Of course this applies only to tho gcun'ral habit and n]i- 
pearance of tin' stcan and foliage, and not to the intimate structure of tl)e 
flowers. Ijastly, we conm to juilyffamom flowers, which Mr. Darwin 
divides into two subgroups, according as the three sexual forms ani 
found on the same individual or on distinct plants. Of th(‘ latt«T case the 
Ash is an example; some- trees boar in somt* seasons mal(‘ flowers only, 
others frunah* flowers only, and otb(‘rs berran.phrodit(‘ blossoms. Tlu' Ash, 
then, may be classed as triencious. On the otlu'r hand the common MQ])le 
hears all tlirec sorts of flowers on the same tna*, and is thus inoiia^cionsK'^ 
polygamous. Ot,h(‘r pilvgamous plants may be grou]K*d into /////io-Acr- 
maphruditeSf inasmuch as they exist under two forms — one of which hears 
fcmiale flowers only, llu' ntlu;r hermaphrodite flowers, as in the common 
I’hyme. Some (vf the Cheno]X»diums bear on tlui sjimo plant lii»rmaplir(j- 
dite and female flowers, and may ther^jfore be calk'd (pjmMuoncocimis, On 
tho other hand tliere are ‘‘ andro-mimceciom ’’ plants, or plants b(iaring on 
the same individual male flowers and hermaphrodite flowers, in some 
species of GaVnirn, No case seems to bo known of andro-ditreium plants, 
or plants prrKlucing hermaphrodite flowers on one individual, and mak's 
on aiKjther. 

In the case of the sexually dimorphic flowers the pollen-cells are some- 
times different in size in the long and short stamens respcictively. At 
other times no such differeiic(* can be detected, and, as a rule, there is no 
relation between the size of the pollen and the length of th(5 style. 

lleterogonouH flowers are still the exception. Mr. Darwin points out 
that flowers already adapttMi by their structure for cross-fertilization 
by insect agency do not need to become heterogonous ; hence, so far as is 
known, there are no heterogonous flowers in Orchids, liabiate.s, Lc'giimi- 
nosro, and other large orders, tho conformation of whose flowers is adap- 
ted to insect agency. 

Though cr(»ss-f(ii*tilization is thus shown to he advantageous and very 
general, 3"et there are some cases whore ev(»ry adaptation seems to 1)0 
made with the view of securing self-fcjrtilization, ns in the cleistnqnmic 
flowers, above referred to. In Domheya tlie staminodes or sterile sta- 
mens are longer than the fertile ones, and are endowed with a power 
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of moveTnrnt in virtue of whicli they curve downwards and outwards, 
so as to come into contact with the fertile stamens, whose anthers 0 }wn 
outwardly. In this inamior the stamintides bticome dusted with })ollen, 
and then become uncoiled, assume an erect position, so as to come into 
contact with the stigma, whoso curling lobes twist round them and receive 
the pollen from them. 

Hildebrand gives the following arrangement of the distribution of 
sexual relations in lowering plants : — 

A. Male and fjunalo organs in diffc^rent flowers (diclinous) ; jc^lf-fertiliza- 
tion consequently impossible, and foreign iMyiregnat ion, accomplished 
by ins(‘et agency or wind, indispensable. IJnder this head are in- 
cludcid th(i flowers of dicecious and moncecious yilants. 

Jl. INIale and female organs in the same flower (monoclinous). 

1. One sex develo])ed before the other (dkhof/ajnoHs). Those flowers 
in ^^hicll the male organs reach maturity before Iho female ones are 
called ivrotandrom^ and those in which the femah^ r(‘ach malnritv 
before th(‘ male profo(jynovs\ 8elf-impr(‘gnatioii is thus naturally 
prev(‘ut(‘d, and fertilization is accomplislied by insect agency. 

I loth sexes developed at tbe same time, 
a. blowers opening. 

i. Aiith(irs remote from the stigma. 

A. liength of styl(‘ on difTerent individuals of the same species 
diverse {IlderostyliaX Self-impregnation is not prevented ; 
but, in eompaiisonwdth impregnation thn)Ugh ins(»ct agency, 
it is eilln'r (uitirely useless for w^ed-formation, as in PtiU 
monaria officinaUs^ or eflected only with unimportant results, 
as in Vrimvla mirtfsh. 

j{. Lenglli of style on different individuals of the same species 
equal. 

o. St'xnal organs changing Ilnur reciprocal position diirinjr the 
development of the flower. Self-imnregnation avoided ; 
iiri pregnat ion by means of insects facilitated, 
oo. Sexual organs remaining iinalt(U’t‘d in ]>osition during the 
development of the fhnver. 

t Insect agejicy neces.sary to fertilization ; s(df-impregnntion 
in fact impossible, foreign aid indispensable, ns in Or- 
chidem; or self-impregnation possible, but not indis- 
pensable, foreign imprc'gnatioii more frequent, as in 
Asclepiadem. 

tt Insect agency not necessarv^ to fertilization. Self-im- 
prejjrnntion possible, but impregnation also performed 
.. by insects. 

(The possibility of self-fertilization is evident — 1, where tbe flowers are 
erect and tbe filaments are longqr than the styles, as in Fitiitf Chenopodimn, 
i’tc. ; 2, where the flowers are pendent and the filaments are shorter than 
the styles, as in Fritillaria ifnperialis, Convallaria majnliitf &c. ; but as all 
these flowers are visited by insects, cross-impregnation probably often 
tal<H8 place.) 
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ii. Authors nejir the Btiprma. 

• No fniit fonnod witlumt impregnation by insects : Corydalis 
cava, 

(Itwonkl scarcely have boon deemed credible that solf-fertilization was 
impossible in siudi an instance ns Om'i/dalis cava^ where the anthers are 
closely appross(*(l to the stigma, and in which self-impregnation appears 
inevitabh*. In his experinuMits, however, Hildebrand discovered tliat 
wlien this plant 'l^’aH si'cnred from tlio visits of insects, and also when the 
pollen was artificially applied to the stigma of the same flower, no fruit 
was set. To obtain ]»crfe^t fruit he found it m'cessary to impregnate the 
stigmas of one plant witli poUen from anothta*.) 

** Fruit formed as a result of self-impregnation, but impregnation 
by insects not ex<*luded. 

(Instances of undoubted s('lf-fertilization of individual flowers are known 
in llnyrenus Fawana, in Salvia hivsvta^ Linum mifatisswium, Cephalmithcrn 
' (franalfloraj Ophn/i^ apifvra, S:c.; but the nuinla'r and quality of seeds 
home is h'ss than wli(*re cross-impregnation is effected.) 

Flowers not opening (c/cistof/amom), 

Self-impregnation alono r(?sults, every foreign impregnation being ex- 
cludt'd ; hut tlu*se plants all have other* flowers which open and are thus 
ex])osod to the possibility of (extraneous impregnation. 

The general conclusions that may be drawn from the above facts are 
thus given by Hildebrand: — 1. Tliii arrangements in the majority of 
flowers are such that no self-impregnation talces place, hut. a trans- 
port of the pollen from flower to fl(>wer is uccomplislH'd in.stead. 2. Insects 
arc necessary in most cases for the conv<'yance of tlie pollen. .‘1. When 
Iho access of a flower’s owji fM)llen is prevemted, it necessarily follows that 
self-impregnation i.s impossible. 4. IiT tlu^sc cases where self -impregna- 
tion is possi})le, or vyv.n unavoidable, the possihilily of foreign im]]regna- 
tion is for the ra«)rtt part not excluded. /). In these cases insects are 
active, and accomplish the impn^gnation of the flowers. (>. Tlu'ro is 
probably no flowering plant to wdiich access of foreign pollen, at least 
to a portion of its flowers, is possible, and continued self-impregnation 
alone possible; therefore no flowering plant which furnishes a proof 
against the general law wliich negatives self-fertilization. 7. Hy experi- 
ments it has been found that where, by accident or design, the pollen of 
a flower falls on the stigma of the same tbnvor, fertilization citiMjr does 
not follow, or, when it does occur, the quantity of seed is less than wliore 
foreign iwlkm is employ(‘d. 8. A gradual transition may he traced, start- 
ing from those cases whore self-impregnation is utterly impossible, to 
those Avhere it is possible and evident, hut not to the exclusion of the 
possibility of a foreign impregnation of th(» flowers. J). The sexual 
relations and mode of fructification do not invariably tend towards 
the morphological affinities of the flowers. In some isolated fomilies 
the sexual conditions of all members are alike ; in other families, again, 
and even genera, they arc essentially diflerent. The sexual relations, 
therefore, have not developed with equal pace and in the same way as the 
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morphological relations in the transformation and perfection of flowering 
plants. 

The inferences drnAvn hv Harwin, Ilildehrand, ])elpino, and others, 
however, have? lately l)t^en questioned by Jlenslow, whos(^ conclusions are 
as follows : — 1. The majority of flowering plants are self-fertile. 2. Very 
few are known to be pliysiologically self-sterile. 3. Many are morpholo- 
gically self-sterile. 4. Self-stt^rilo plants become self -fertile («) by 
'withering of the corolla; (h) by its excision; (c) loss of colour; (d) 
closing; (c) not opening ; (/*) absence of insects; (//) reduction of tem- 
perature; (k) transporta ti/ni. 6. Highly self-fertile forms “may arise 
under cnllivalion. (>. Special a<laptations oivur for self-fertilization. 
7. Inconspicuous llowors are highly self-fertile. 8. Cleistogaraoiis flowers 
are always self-fertilized. 9. Conservatitui of energy in reduction of 
pollen. lO. Kelative fertility may equal or surpass that of crossed plants. 
j 1. Tt does not decrease in successive generations. 12. It may increase. 
13. Freti from competition, self-fertilized plants equal the intercrossed 
(a) as seedlings, (h) planted in the open groiin<l. 14. They may gain no 
beiieiit from a cross from the same or a diflerent stock. 13. They '»,re as 
liealtliy as the intercrossed. 10. They may bo miieh more productive 
tliaii flowers dependent on insects. 17. Natui’alized abroad tbey gain 
great vigour, and, 18, are the fittest to survive in the struggle for life. 

As regards the question of solf-fortilization, or cross-ft*i^iliznti()n, and 
their respective consequences favourahle or otherwise, it would seem that 
both tlio views above cited, diflerent as they seem, may be correct. What 
is now' required is a sinies of experiments and obsiu’vations to ascertain 
under w'hat prcjcise circniustances each mol bod of fertilization is adopted 
and the reasons and consequences thereof. 

Utfhri d i zation, 

CrosB-breediug. — The treatment of the subject of the sexual reproduc- 
tion of Plants would be incomplete Avitliout some notice of the pbeno- 
meiion of hybridization^ or cross-breeding between distinct species of 
plants. 

From tlie difliculties arising partly from the minute size of the struc- 
tures, partly from the coinparativcdy recent date of any acenrato knovv- 
letlge of the sexual organs of Cryptogams, w'o are at present only 
acquainted Avith a few certain facts in reference to the cross-brooding of 
species in that Siibkingdom. It has loiijj been known, however, that in 
collections of cultivated Ferns forms spnng up from time to time pre- 
senting new characters, more or less intermediate between well-known 
natural sjiecies ; and these have been commonly accounted hybrids. The 
discovery of the phenomenon of fertilization on the prothaUia of Ferns 
gives a new' support to the supposition tliat such plants are hybrids, 
although the question is still insufficiently supported by evidence. 

Crbss-breedlng In Algree. — We possess, however, some facts of import- 
ance (.m this subject relating to the Fncacer)us Algae. Thuret took 
advantage of the extrusiem of llie germ-cells and sperinntozoids in 
Fucacea) bf*foro impregnation to collect these separatelv and experi- 
ment on tlie degree to w hirli hybridization Avas possible, lie found that 
s])ermatozoid8 of Fucuh serrattia and F, vesivulosus Avouldoot fertilize the 
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[^res of Ozothfdlia vufgaH$, and vice verad. Neither could the spores of 
MMoni^alta lorea be fertilized by Ozothal/ia vulgaris or JFlufus serraiua, 
nor the spores of Fuma aerratua by the spermatozoids of F. vtaiculoeua* 
But the spores of F. veaiculoma impregnated by the spermatozoids of F, 
aerratua became fertile and ^rminated ; which fact is tne more interesting 
since F. veaietdoaua is a vaiiable plant in its natural state, while the others 
named exhibit comparative fixity. 

Cross-broeding in Phanerogamta. — ^The existence of hybrids in Phane* 
rogams, produced by impregnating the ovule of one plant with tlie pollen 
of another, 4s a weU-ascertaiiit^d fact ; and indeed hybrids are produced 
at will, within certain limits, by gardeners. 

It is necessary to distinguisirhere between trua hybrids^ or mu/cs, result- 
ing from the crossing of distinct species, and simple cross-breeds (or metis) 
commonly included under the name of hybrids by gardeners, and residting 
from the crossing of varieties (p. 1AJ>) of the some species. It is from the 
last operation tliat the great majority of the “ hybrids ” produced in 
favourite florists* flowers, such as Felarf/ohium, Fuebsia, &c.,are derived — 
this cj^osj^fortilization usually presenting litth» difficulty, and commonly 
occurring naturally whei’e laigc quantities of varieties are grown together. 

The ready cross-fertilization of varieties spontaneously, places great 
difficult V in the way of growing the varieties of cultivated vegetables for 
seed. The difterent varieties of the Cabboge, Turnip, Pea, &c. are diffi- 
cult to preserve pure as sceding-plants in laige gardens or seed -growing 
establishments, trom the fact of insects and the wind carrying the pollen 
from plant to plant. 

True hybrids, as a rule, subject to some remarkable exceptions, such 
as PhtlageriUj Miaena, and lamem^ &c., can only be produced between 
plants belonging to tho same genus. When they are more diverse than 
this, they will usually not cross; and even within the limits of genera, 
specieswill not always breed together. 

Genmc difference in Flowering plants usually involves difference in tho 
structure of tho reproductive oigans, the size of tho pollen-tubes, &c. ; we 
are therefore not surprised at the statement ; numerous instances, 
however, occur of the refusal of nearly allied species to cross, whore wo 
cannot detect any structural differences h(*tween them. It has also been 
shown that in heterogonous flowers (p. 0.*1(5) the different forms of the 
same species are more or less sterile when intercrossed. 

The tendency to cross-breeding is less common than is frequently sup- 
posed. GfiBrtner, the greatest experimental authority on this point, 
states that in 10,000 sets of experiments, carried on during many years, 
he only obtained 260 true hyhnds. It is found impossible, for example, 
to cross the Gooseberry and the Currant (two species of Fibes)^ the Aimle 
and Pear (two species of Fyrua), the Blackberry and Raspberry (allied 
species of Rubus)^ &c. 

Besides this peculiar indisposition to hybridize, there exutsan obstacle 
in nature, in the greater facility with which an ovule receives tho influ- 
ence of its owm pollen ; Gsertner describes this phenomenon under the 
name of elective affinity ^ stating that when the natural pollen and that of 
another species are placed upon a stigma, the forei^ pollen remains 
inert : and even when the natural pollen is applied a little time subse* 
quently to the foreign pollen, it acquires the supremacy, a;nd the embryos 
prove true, and never hybridst 

2t 
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Hybrid PlftBtf. — When species are crossed, the result from the hybrid 
seed is a plant differing from both parents, luring more or less relation 
to one or the other, as regards form and habit^ in different cases. 
Gardeners do not appear agreed as to the kind of mfluence exerted by 
the male and femcue parents respectively in determining the charac- 
ter of the mule. Geertner states tnat in hybrids of DigiUdia the mules 
most resembled the female parent, while in Nicotiana the reverse 
appeared; and he believes no law can be laid down in regard to this 
point. 

The seeds ripened after hybridizing generally form but a fraction of 
those matured under natural circumstances. Thus, according to Gartner, 
hybrids of Verhascum LychnitU with F. nigrum gave but 03 per cent, 
of the normid number, with V, Thapsua 21 per cent., with F. pgrami- 
daium 3 per cent. ; hybrids of Dianthua harhatua with D, Armer%a 63 per 
cent., wiUi 2). deltoidea 22 per cent., wdth 2>. virgineua 1 per cent., &c. 
Darwin, however, shows that the sterility of crossed species as well as 
that of their oflspring varies from zero to complete fertility. Moreover 
dioecious plants appear less prone to hybridize than those wit^^lpsnnar 
phrodite flowers. 

The seeds originating from a process of hybridization produce plants 
varying very much in tiieir degrees of fertility. It appears that the mar- 
jority ore barren ; in many cases only a portion of the seeds formed pro- 
duce fertile plants; while in a few cases the hybrid plants are nearly as 
fertile ns those of their parent species when unmixed. Some species can 
be crossed readily, but the hybrids resulting are very sterile ; on the other 
hand, some plants crossed with difliculty yield very fertile oflspring. 
The degree of sterility differs in two species when reciprocally crossed. 
It is observed, also, that in fertile hybrid plants the flowers earliest opened 
are the most fertile, or sometimes are the only ones that ripen seed, sub- 
sequent flowers often developing fruits the seed of which ere destitute 
of an embryo. 

This barrenness of the later flowers, from defleient vital force, is in 
some degree analogous to what we sometimes observe in cut flowering 
stems of succulent plants.^ We have seen the ovary sw^ell and one or 
more seeds become extensively developed on a cut spike of Ahe and on 
an umbel of Orinum, thrown aside to wither. The seeds, however, were 

S uite blind,” the expansion consisting of an abnormal develcmment of 
be integuments of the ovule, the nucleus and embryo-sac remai^g un- 
changed. 

Relative Fertility of Hybrids. — In some fertile hybrids it is observed that 
their progeny fonning the second and third generations become more fer- 
tile than the originalliybrid ; it is noticed, however, that their descendants 
usually exhibit a great tendency to vary in external character, and often 
return more or less to the of one of the parents. 

Hybrid characters seem, from the researches of Naudin, not to be 
permanent. The plants revert, as above said, to the type of one or 
the other of the j^arents. What are termed ^^aporta ” by gardeners, i. e. 
shoots differing m character from those on the other portions of the 
plant, are frequently, but not always, due to the dissociation of hybrid 
or metis characters, or they may present the characters of some more 
remote ancestor. 
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ReTenlon.— -The impregnation of the oyules of hybrids by the pollen of 
plants of either parent species produces more fertile seeds than ate formed 
after self-fertilization or hybrids. The progeny in such oases return more 
or less to the parent type, on the inde from which the pure pollen 
comes, and l]y a repetition of such fertilization the hybrid characters are 
lost in a few generations. 

It is an interesting fact that the ovules of hybrids are sometimes more 
freely fertilized bv pollen of a strange but pui*e species, than by tlieir 
own : .thus the hybrid Nkotiana panictdati)»rmticay which usutdly did not 
ripen more ^han 13 good seeds m a capsule, produced with the pollen 
of N. pankulata 30, withs^T. ruBtica 20, and with the pollen of N, Langn^ 
dorfii (a totally new element in the crossing) 10. In another experiment, 
when this hybrid produced no seed by self-fertilization, 10 good see^ 
resulted from crossing with N. Langsdc^, ^For a general review of the 
subject of Hybridization, see Darwin, ^ Variations of Animals and Plants,* 
ed. 2, vol. ii. p. 157, and Anderson Henry, Proc. Soc. Bot. Edinburgh, 
1807.) 

A c^ous phenomenon has been observed in the garden plant called 
* CytimsAdamif obtained either by grafting or by true hybridation of the 
two kinds of Laburnum, CytiauB Laburnum and C. puipureua. The 
plants in many instances exhibit a partial separation or dissolution of 
the hybrid characters in the products of diilereut leaf -buds : on the same 
tree in wUch part of the branches bear blossom of the hybrid character, 
other shoots occur, some of which revert to the character of OytisuB 
Lahurmimy others to that of C. pwpureuB, the, other parent. In soma 
of the shoots, moreover, unequally combined characters of the parents are 
observed in different flowers of the same raceme. 

In some cases it has been found that the reverted or pure shoots boar 
perfect seeds, while the hybrid blossoms were barren. 

CytxBBM Afiami has generally been suppo^d to be an ordinary hybrid ^ 
but it*^ recently been stat^ that^ it originates when C. punrureys ia 
graft^ on ChjtiBUB Ldburnumj ofieiing thus an instance of aflection of 
the stock by the scion analogous to that of the variegated Jasmine and 
Ahutihn referred to previously (p. 618). If this prove true, it will he 
a most important physiologic^ fact, opening up a very interesting field 
for experiment, and ukely to le^ to practical results of high value in the 
cultivation of fruit-trees. Certain amftB of Roses have also been accounted 
for on the supposition that they nave originated as gr^t-hybrids ; but 
the evidence on the point is not as yet sufficiently conclusive. 

In some cases the action of hybrid pollen is made manifest in the 
production of changes m the envelopes^ of the seed, and even in the 
appearance of the fruit, so that the influence has been exerted not 
only on the of&pring but also on the mother plant. As an illustration 
may bo cited the case recorded by Vilmorin of a yellow-seeded Maize 
produdng black seeds when crosm with pollen from a black variety. 
Such cases, however, retire strict scrutiny. (See Laxton, Proceedings 
Internat. Bot. Congress, London, 1866^. 160, and Clarke in the same 
volume, p. 143 ; Darmn, ' Animals and Flants under Domestication,’ ed. 2, 
D. 427 ; Maximowicz, as translated by Dyei in Joum. Hort. Soc. l^ndon. 
toL iii p* 1^0 
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Oerminatiim. 

Requisite conditions. — Given a properly ripened seed \vith 
well-formed embryo, the period when the latter will begin to 
sprout or germinate varies according to the particular spfecies, 
and according to external conditions. The general conditions 
favouring germination are exposure to a certain temperature, a 
certain amount of water, and access to oxygen gas, besides 
certain secondary or accidental iniluenq^s. As regards tem- 
perature, germination may be carried on in some cases even at 
freezing-point; but it is rarely manifested beyond 40°-42° C., 
though vitality is not necessarily destroyed at much higher tempe- 
ratures. The actual temperature most conducive to germination 
varies in different species. 

Sachs’s experiments on the growth of Wheat and Barle^L show 
that germination began below 5° C., in the hVench B^n and’ 
Maize at 0° 0., and in the Gourd at C. ; but when the reserve 
material in the seed was used up, and the seedling had to procure 
its food from without, a higher temperature was needed. The 
highest temperatures noticed by Sachs are, for French Beans, 
Maize, and Gourds 42" C. ; for Wheat, Barley, and Peas 37° or 
38" C. 

Water is a primary requisite in the germination of seeds, as it 
softens the tissues and enables the insoluble resen^e materials to 
assume a soluble form. Free access to atmospheric air, or to the 
oxygen contained in it, is necessary for the carrying on -these 
chemical changes which are manifested during germination. If 
seeds be deeply buried, so that (|.ccess of air bo prevented, they do 
not germinate. 

Weak solutions of chlorine, iodine, and bromine have been 
known to accelerate the process of germination, and camphor is 
also stated to be a stimulant to the grow'th of the embryo plant. 

Effect of Electricity. — Electric currents are stated to hasten 
germination. When seeds are exposed to the action of galvanism, 
it is found that those around the negative pole of the battery ger- 
minate much more freely and quickly than those around the posi- 
tive pole, and than those not submitted to the electric current. 
Bridgeman, in ‘ Gardeners’ Chronicle,' Feb. 1, 1873, further notes 
that the radicles of the blackened and shrivelled seeds round the 
positivJ wire grew upwards mto the air instead of downwards ; and 
this observation confirms a similar one made by Blondeau. 

TImo requireiL-— Many seeds germinate very quickly when placed under 
favourable conditions; especially those of CruciiersD, Grasses; manyLegu- 
minoess, Cucuibitaceie; &c. ; but the period varies even in seeds of the 
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same individual plant under apparently identical conditions. In general 
termS; the length of time required is long in proportion to the lowness of 
the temperature, the absence or presence of perisperm, its nature, the 
depth of sowing, &c. Seeds enclosed within a hard pericarp, ondocarp, 
or testa, often remain a year or oven more before germination ; but in 
such cases the process may be accelerated by soaking the seed. Some 
seeds require to be sown at once or they lose their germinating power ; 
others retain tlicir vitality for a great number of years, though tlio stories 
relating to the germination of seeds taken from Egyptian mummies and 
Homan baitows >vill not bear the test of close examination. Hcttt'r 
authenticated statements Have shown that some seeds have retained their 
vitality after more than a century. Out of 608 species sown at Geneva 
by Alphonse de Candolle, 17 oiily grew after a lapse of 15 years. 
Fifteen out of 20 seeds of DolicJtos grew after this period, 6 out of 20 
of Lavatera, of the other 15 only 1-6 grow. Out of 288 genera whose 
seeds vvere sown under the auspices of the Bntish Association by Dr. 
Daubony and others, it was found that the majority hod lost their vitality 
nltogejhcr after having been kepi 10 years. Thirty-four species, about 
'one seventh of the whole number, retained their vitality after 10 years, 
20 species after 20 years, and 2 only, h(dh Leguminosa3, maintained their 
vitality after 40 years. In both sots of experiments the greatest in- 
stances of longevity were found among the Leguminosio, which are desti- 
tute of perispoi’m, while tlie Umbellifera), which have perisiwrm and much 
esaontial oil, seemed to lose vitality partic»ilarly soon. 

Clroamatancos retardlnff Oermination. — ^Thesowill have been gleaned from 
what has preceded. Deprivation of water or oxygen gas, too low or too 
high a temperature, "will all retard or even prevent germination, in extreme 
cases, by destroying the vitality of the embryo. I^ure jdiosphorus I’etarda 
germination, while anilin is stated to stop it completely, as arseuious acid 
«aB^ otiMT prisons do. Exposure to light does not of itself retard germi- 
nation, other conditions being equal. 

Chansos dnrlugr Germination. — When germination begins the soluble 
matters contained in the seed are used up, wdiilo the insoluble ones are so 
modified as to become soluble. The ternary ingredients, especially starch, 
become converted into dextrin and glucose under the influence of a nitro- 
genous substance, diastase ^ which acts as a ferment. Thus in the process 
of malting, which is nothing hut the germination of Barley 8top|ied at a 
certain stage, the starch becomes converted into sugar, thus ; starch with 
a composiSon of 0 66 H 60 O 60+4 HO = 2 Glucose 2 (0 12 H 12 0 12) 
and Dextrin C 12 H 10 0 10 (Musculas). What brings about the ultimate 
transformation of grape-sugar, or gmcose, or of dextrin into cellulose is not 
known. Fatty substances lose a portion of their carbon and form glucose. 
Nitrogenous substances during ^nnination undeigo analogous transfor- 
mations ; thus, among Leguminos{B,the albuminoid matters become trans- 
formed into asmragmj a soluble nutritive substance, which is conveyed 
from cell to cell, according to the requirements of the case. The trans- 
formation of the albuminoids into asparagin takes place as well in 
obscurity as under the influence of light. Oxygen is fixed during the pro^ 
cess, ana C and H are liberated, the sulphur being oxidized ana changed 
into sulphuric acid. Gorup-Besanez has also shown that in Beans there 
exists a diastasic ferment capable not only of eflectii^ the transforma- 
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tion of starck into simr, but also of fibrine into peptone. A. similar 
formation of ferments nas been obser\'ed in the case of leaf-buds about to 
develop (Kossmann). As the seedlings grow and become exposed to the 
light, the asparagin disappears. 

During germination Boussingault observes that the plant comports it- 
self as an animal does, or like an egg during incubation. It grows on the 
reserve materials accumulated in the tissues, oxidizes them, emits carbonic 
^oxide, evolves heat, as happens in other chemical changes, the final re- 
sult being the nutrition of the embryo plant. 

The Perleperm. — With reference to the part plaved by the perisperm, it 
maybe stated that it is a store-house of noimshment upon which the 
young seeds draw before they have i^uired the power of feeding for 
themselves. Hence w^e often find that in the case of those seedlings w^hich 
have from the first a well-developed feeding-apparatus in the shape of 
green seed-leaves (as in the Turnip, Mustard) the perisperm is at the time 
of germination either non-existent or in very small proportion. On the 
other hand, where the perisperm is abundant, there the seed-leaves are 
very small and inconspicuous. The diflicultyin inducing some'^ds to 
germinate is connected wnth the fact that tlie seedling plant is often able 
to feed upon the peris^ierm, but is not able to shift for itself ; hence when 
the supply of albumen is exhausted, the seedling fails. M. Van Tieghem 
has lately made some experiments with a view to ascertain how the seed- 
ling plant gets its nourisnment from the perisperm, and in the course of 
his experiments ascertained that the perisperm in some cases acts as a 
nursing mother to the young embryo, while in others the young plant 
merely helps itself to wdiat it finds at hand. Albumen of an ouy character 
undergoes a change of structure and composition— di^sts itself, in fact; 
and the young plant does but take up the products of this change in the 
tissue and constitution of the prisperm. 

Flouiy perisperm, such as that of the Wheat, is passive. It ki^hargud 
and ultimately absorbed and digested by the embryo itself. It is of the 
nature of food simply, and does as in the former case, also fulfil the 
office of a nur^ng mother. The germination of seeds and the length of 
time required for the process are thus seen to depend very materi^y on 
the nature of the perisperm. 

Xndepondence of the Parts of the Embryo. — M. Van Tieghem has ascer- 
tained that, under certain circiunstances, the several parts of the embryo 
plant may bo severed one from the other, and even themselves divided 
into fragments, and yet these framenta will preserve their vitality and 
grow independently. The cotyledons, If divided, will produce radicle 
and buds ; thus a plant of a Sunfioweli was made to produce eight plants 
by dividing each oi its two cotyledons into four. When the perisperm was 
removed from around the embryo of a Marvel of Peru, germination went 
on well for a time, but the plumule was arrested in its development, so 
that the perisperm seems to be required for the formation of the plumme, 
though l^he other parts of the embryo obtain sufiicient nutriment from the 
stores accumulated in their own tissues. The same experimenter ex- 
tracted embryos from the seeds, and pieced them in an artificially pre- 
pared subetanoe, resembling in constitution the perisperm, and he found 
that the embryos absorbed the artificial food aim um it up in the pro- 
duction of new tissaes, just as they would have utilized the stores in the 
perisperm. 
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CHAPTEB VI- 

MISCELLANEOUS PHENOMENA. 

Sect. 1. EvoLtmoir of Heat bt Plants. 

In examining the cases filing into this section, it is important to 
separate them into two classes : — (1) those relating to the proper 
or specific^heat of plants generally ; and (2) those more remarkable 
instances of elevation <9f temperature occurring at certain periods 
of development in particular plants. 

It being a well-ascertained fact that the chemical combination 
or separation of various elements found in plants is accompanied 
by increase or diminution of sensible heat, and that the process of 
evaporation, constantly going on in dry weather in healthy plants, 
is a ^u^e of depression of temperature as the substance from the 
liquid passes off in the form oE vapour, it is evident that the proper 
temperature of plants, and their organs and tissues, must vary 
greatly according to the circumstances in which they are placed. 
Yet, as the evaporation, and the fixation of carbon in a solid form 
from gaseous material — both “cooling processes” — are such prepon- 
derating operations in the nutritive and assimilative proc^esses of 
vegetation, it seems scaroely possible, under ordinary circumstances, 
that plants should have a specific heat rising above that of the sur- 
roun^ng atmosphere. 

difF(^nt power of conducting heat possessed by the several tissues, 
*anh, tiftho case of the woody tissues, the difieronco in the condwting- 
power according to the varying directions of the fibres, together with the 
^turbonces ansing from the unlike ^conductivity of the fluids and solid 
matters constituting the cell-contonts, render it very difficult to arrive 
at any general conclusions as to the smeifle heat of plants. 

From Dutrochet’s experiments, made with a thermo-electric apparatus, 
it would appear that the specific heat of ail parts of plants in their ordinary 
condition is rather lower than the temperature of the surrounding atmo- 
sphere. In cases, however, where evaporation was prevented by placing 
plants in an atmosphere saturated with moisture, the temperature some- 
times rom from to per cent, above that of the atmosphere. More- 
over a rise and a &ll to(% place in the course of twenty-four hours, the 
maximum occurring between ten and two in the daj^ the minimum at 
midnight. It was nirther observed that the specific heat was only dis- 
cover^le in the soft or green parts, not in the woody structures. ^ 

The experiments, however, which have been made to detemune these 
points are by no means conclusive. It seems probable that the increased 
heat observe in the structures of plants when evaporation is restrained 
depends upon the slow combustion of carbon, which is enabled to manifest 
itself when the cooling influence of evaporation is removed. 

The germination of seeds, in which carbonic dioxide is abundantly 
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evolved, is constantly accompanied by a rise of temperature, which 
is satisfactorily accounted ^r on chemical principles; and the 

heating’^ of heaps of germinating seeds is the more marked in con- 
sequence of the “ fermentation” (or decomposition through contact- 
action) by which it is always accompanied. In the case of Fungi, 
as shown by McNab (Gard. Chron. 1871, p. 1250) in Bovista 
the temperature is higher than that of the air, owing pro- 
bably to the formation of carl)onic dioxide. Similar phenomena had 
been previously observed by Dutrochet in France and* Marcet in 
England. * 

Heat evolved during Flowering. — The most remarjcable instances 
of evolution of heat are those which occur during the flowering of 
plants. This rise of temperature appears to take place in all cases ; 
but it is most strikingly displayed, of course, in plants w^hich have 
a crowded inflorescence, and above all when this is surrounded by a 
8tructui*e conflning the liberated heat, as in the spathes ctf the • 
Araceoe, on which many observations have been made. 

Arum A, italicumi A»jDrammniluH,llichardia (PtJiiopicat Color 

casia odora^ &c., the male infloivscence of Cycns circinalisy the large solitary 
flowers of Cactus grandijlorus^ Btynonia radioam^ Victoria m/ta, &c., are 
among the recorded plants in which the rise of temperature has been 
observed. 

The greatest evolution of heat, after the opening of the spathe 
of A race®, is at the part w^horc the male flowers are situated ; after 
the pollen has been discharged, the upper parts of the spadix grow 
warmer, and the low^or parts cool gradually upwards. . 

Experiments made to ascertain the cause of this heat leacTTo the 
concl usioii that it is attributable to a process of combustion. Saussure 
found i-hni the flowering spadix of Aram macxdatum abundantly ab- 
sorbed oxygen ; and Yrolik and Do Vriese, comparing the tempera- 
tures attained by a spndix placed in oxygen gas and by one placed in 
common air, found that the former always exceeded the latter, while 
a spadix kept for a longer time in nitrogen gas did not manifest 
any increased temperature. 

Connected with llio subject of the temperature of plants are the in- 
teresting observations of Boussingault, Alph. DeCandolle, and others, on 
the different external lemperatiiTes required by different plants to stimu- 
late them into either vegetative or reproductjve activity, ‘ It is well 
known tjj^t any fpven plant will require a certain sum or heat during a 
season to enable^ it to^ go through its wholo course of development, and 
that under certain limits the course of development will be passed through 
proportionately more quickly in warmer climates. Fmther, it is known 
that most plants of warm climates ore killed by certain degrees of cold. 
13ut it is further observed that certain temperatures, insufficient to injure 
plants, ore at the same time insufficient to start ” them into groivtb, and 
that different species of plants have different constitutions in this respect $ 
while, on the other hand, excessive temperatures may render plants barren 
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by over-stimulating vegetative action, as is observed in the Vine in the 
tropics, and commonly also in badly managed exotics in our hothouses. 


Sect. 2. LtTMIXOSITT. 

In most botanical works we find noticed the observation of the 
daughter of Linnteus, that she perceived a peculiar flashing lumi- 
nosity of the flowers of TropmUm. majus on a hoi summer’s night — 
together u^th a statement that the same appearance has been ob- 
served in the orange Lflies, Sunflower, Marigolds, <&c. The fact 
that most physiologists, from Saussure downward, who have sought 
to repeat these observations have failed, and that the appearance 
is al>vnys assigned to orange or red flowers, leads to the l^lief that 
the statements are founded on error, ansing from the peculiar 
effect of these tints upon the eye. The influence upon the eye of 
.the b|ilUp.nt orange and crimson flowers of some of the Bhododen- 
drons and Azaleas now grown in our gardens is very similar to 
that of looking upon a luminous body. The asserted luminosity 
of flowers is certainly at present a very questionable matter. The 
cases that have been recorded are cases of optical illusion, or in 
some instances of exudation of inflammable vapour. 

Flio8ikhoreBcenco.«-On hotter authority, namely that of Humboldt, Nees 
von Eaenbeck, Unger, and others, rests the fact that the tliallus of 
some Fungi is luminous in the dark. The imperfect thalloid structure 
described os J^izomorpha subterranean occasionally met with in mines, 
exhibits upon its ramified structiure points which possess an irregular 
^'.MphoTescenco, sometimes rising to such a degree of luminosity as to 
enable surrounding objects to be distinguished. According to Unger’s ob- 
servations, the light IS not emitted from decaying matter, but from a 
peculiar superficial layer of cellular tissue. Phosphorescence has been 
observed in other mycelia, and it is abo exhibited in the perfect Fungus 
of Agarwus olearms and other species. 

Rotting wood is well known to be often phosphorescent ; and some 
authors state that this does not depend upon the presence of Fungi ; but, 
seeing the proved occurrence of phosphorescence in the mycelium or Fungi, 
it is most probable that the luminosity is attributable to them, es^ciafiy 
as it is removed irrecoverably by drying up the damp rotten wood. 

The statemfint that the Moss Schistostega asmwnaacean which grows on 
the roofs of caves, is phosphorescent, has been dedaied by Milde to be 
erroneous. We could detect no trace of it in observations made some 
years i^o, and we agree with Milde in attributing the appearance to the 
glistening caused by the reflections and refractions of lignt on the wet 
surface of the cellular leaves. 

According to Martins, the milky juice of Euphorbia phosphorea becomes 
luminous when removed from the planteand heated gently. 

The fullest detafis, with illustratioas, on tiie subje^ of phospbo* 
rescence are to be found in the volumes of the ^ Gardeners’ Onromole,’ 
1871. 1872, 1874. Dr. Cooke's paper on the same subject in ' Science 
Gossip ’ for 1871 should also be consulted on the subject. 
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Sect. 3. MoTEscEirrs of Plaitts. 

The absence of the phenomena of motion was formerly ima- 
gined to constitute one of the distinguishing characters of plants 
as contrasted with animals ; but, in fact, members of the Vegetable 
Kingdom not only exhibit partial movements of their internal or 
external structures, but in some cases the entire organism has the 
power of locomotion. , 

Exciting causes. — ^The movements of different plants are de- 
pendent upon very diverse causes, some of them being entirely 
mechanical, and due to physical affections of the tissues by the 
conditions of the surrounding atmosphere, and to alternate con- 
ditions of tiirgescence and exhaustion; others are mechanical in 
appearance, but excited by causes which simple physical laws will 
not explain ; while a third kind depend upon the contractile- quality 
of the protoplasmic substances, which gives rise to automatic move- 
ments comparable to those of the lower animals and to the ciliary 
motion found in particular tissues of the highest animals. 

To the first of these classes helona such phenomena as the bursting of 
seed-vessols, anthers, &c., attributable in part to the hygroscopic condi- 
tions of the tissues, which, possessing uncqjual power of imbibition and 
unequal elasticity, are torn apart or curved in various ways hy unequal 
contractions and expansions, caused by access or abstraction of moisture. 
These are cases of what is called in common language warping,” and 
can scarcely he regarded as vital phenomena, being definite modes of 
destruction of dead structures, resulting from special struc^iJNd 
tions. 

The second class of movements aro those exhibited periodically, or 
under special stimulus, by the external organs of plants, such as the 
** sleeping” and '^waking” of leaves and flowers, and the movement of 
tb e Sensitive Plants, &c. To these mav perhaps be added the less striking, 
but not less enigmatical, movements which cause the twining condition of 
stems &c. 

The movements of the third class are those already adverted to in 
forme# sections, where the protoplasmic matter of cell-contents, or free 
bodies, such as zoospores, spermatozoids, or even perfect individu^, such 
as Deamidiea, Oscillatoriaceo), exhibit temporary or permanent power of 
locomotion. Of this character also are the protrusions observed hy Mr. 
Francis Darwin of fine threads of prot^lasm nom the pear-shaped ^ands 
of the common Teazel (JDifisacus), These threads have the power of 
contracting strongly^ and the contraction is further mduced by adds, by 
indiicedr el^tric currents, by heat, and other agents. 

The rotation of the protoplasmic cell-contents (p. 549) doubtless depends 
upon (imperfectly understood) causes similar to those which render many 
of the simpler pknto locomotive ; and the movements exhibit the dosest 
reaemUance to those of some of the Protozoa in the Animal Kingdom— 
in particular, of Amt^ and its allies. The locomotion of free products 



MovxMXErrs at plaitts. 


661 


of the ceU-oontentfli such as zoospores and spermatozoids, is generallj 
immediately resultant from the moyement of cilia existing upon their 
surface ; and the same statement applies to the locomotion of tne ** cell- 
families,” which form the representatives of species in the Volvocineae. 
The locomotion of the OscillatoriaceeD and Diatomacem, however, does 
not appear to he effected through the agency of cilia ; at all events no 
such structure can he detected with our present means of observation. 

The ciliary motion of the unicellular plants and reproductive bodies 
is, although inexplicable, a more general phenomenon of life than the 
movement of the Diatomacese &c., where tnese organs are not detected. 
Some authors incline to«*egard the motion of Diatomaceae as dependent 
upon osmotic currents, resulting from the interchange of matter between 
the cell-contents and the surrounding water. 

Ifovements feota Ohangos in Hygroseoplo State. — Movements of various 
kinds, more or less mechanical in appearance, take place in the higher 
plants through the power of imbibitimi and the elagtiedy of their tissues ; 
these movements are ^nerally immediately produced stimuli of vari- 
* ous kinds disturbing the equilibrium in the tissues. 

Great difference m the power of imbibition exists in different kinds of 
cellular tissue — coUenchymatuus tissue, for example, swelling out when 
wetted, and contracting when dried, far more than woody structures. 
Experiments have shown that the degrees of expansion and contraction 
vaiy in different plants and tissues of j^nts in a range from to i the 
diameter of the cells. In cases of great contraction a wrinkling of the 
cell-membrane is generally involved. 

All livii^ cell-membranes possess a certain denee of elasticity; and 
consequent^ a certain amount of difl^rence of dimensions is dependent 
upon the degree of tension or turgescence of the cell from the presence 
of fluid contents. Cells in which osmotic processes are going on are 
*^ullBtautl;f^ a state of greater or less tension. 

The expansion of cellular tissue through turgescence, permitted by the 
elasticity of the membranes, appears ^o nave a much smaller range than 
the expansion by simple imbibition. The experiments of Unger and of 
Brucke give a range of ^ to 

It is evident tmit the elasticity of parenchymatous tissues must be 
capable of exerting influence on the position, form, and direction of the 
organs of which they form part. Supposing a tissue to he uniformly 
developed, its expansion through turgescence need not alter the general 
form, nor the relative position of the parts ; but if unequal endosmose 
take place in different parts, causing oisturhance of the equilibrium of 
tuxgemnce, curvature and di^rtion must ensue. Again, if an o^an is 
composed of regions in which the tissues differ in degree of elasticity, it 
may suffer a disturhanoe of the equilibrium of turgescence still more 
readily ; and this is probably the cause df most of the automatic move- 
ments of organs of plantS| as more fully explained under the head of 
Tension (p. 609). 

Dehiscence of Frnits etc.— This is usually the result of a greater degree 
of turgescence in some cells than in others and ultimate rupture, and it 
may uifilke due to irregulari^ in the process of d^g, whereby mp- 
tain Ujm contract more forcihfy than otWs. The anatomical 
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Construction of different layers also promotes the process^ as well as the 
pressure from within of the growing seeds. 

The movements of the awn of Avena sterilia are in like manner attri- 
butable to the possession of two layora of different anatomical and hygro- 
Bcopical structure. The similar twisting of the awns of other Grasses, 
the stylos of Erodium^ &c., has been described by Mr. F. Darw-in^ who, in 
the ' Linnean Transactions/ has explained the mechanism by which these 
plants are enabled to bury themselves in the ground. 

Irritability. — The equilibrium may be disturbed by various stimuli, 
mechanical and chemical. When an organ is strikingly affected bv 
mechanical influences, we have the phenomenon of irritability,” suen 
as we see in the Sensitive Plants, IHonaa^ &c. The ** sleep ” of plants 
is doubtless a phenomenon differing only in degree ; and this slower move- 
ment is probably attiibiitable to the chemical action of light. 

Periodic and Indncod Movements. — The movements of plants consist 
for the most part of the curvatiii*e or the folding-up of organs ; and in 
such cases the organs are always found to possess certain peculiarities 
of striictiire and mode of union to other organs. The movemotits take 
place periodically (in consequence of the regular alternations of external 
influences), or irregularly (from the accidental influeuco of special stimuli). 

Periodical movements are more particularly comicctod with the influ- 
ence of heat and light ; and their degree is generally more or less propor- 
tionate to the intensity of these infiueuces. 

Action of Heat and Light. — The sensitiveness and periodic movements 
of the leaves of the Sensitive Plant are not manifested at a lower tem- 
perature than 16° 0., while pennanent loss of motion and death occur 
above 52® C, 

Exposure to light causes movement in the leaves of Sensitive Plants, 
raising them from the depressed position they occupied in dai^css ; and 
prolonged obscurity induces rigidity and loss of motion. Thus SefT 
sbowod that Sensitive Plants kept in the dark lost their sensibility after 
seven days, and died in twelve days. Under green light the plants died 
after sixteen days exposure, retaining their sensibility for twelve. Under 
violet and blue light the plants existed (but did not grow) for three 
months, and retained their sensibility. In Pothoa acandena wdth dilated 
leaf-stalks jointed to the blade, movements may be seen which are appa- 
rently associated with the influence of light ; thus on the growing snoot 
the position of the leaves and leaf-stalks varies according to the direc- 
tion of the light. In some cases lamina and petiole are in nie same plane, 
at other times at right angh's one to the other ; and even the petiole is 
twisted on its own axis, so as to place the two surfaces of the leaf in a 
more or less verticol position. Every intermediate position may be 
observed. 

Effect of Tnrsesoence. — In the best known Sensitive Plant, Mimoaa 
pudica, tl^re is a swelling at the base of the petiole, the cells of which con- 
stitute, as it were, two springs acting in contrary directions, so that if the 
one, from any cause, be paralyzed, the other pushes the leaf in the direction 
of least resistance. These springs, if they may be so called, ore set inaction 
by the rush of ^ fluid creating a turgid state of the one set of ceDs, and a 
relatively empi^, state of the other series. 'VVliat circumstances regulate the 



iltl^EMSlTTS 07 PLANTS. 


653 


turg^eBoence are not clearly detenmned. The spontaneoufl and induced 
motions^ according to Bort^ are difierently atfected by the same conditions. 
Bert and Millardet also show that the spontaneoiis movement in the 
Mimosa is not confined to depression, followed after a period by elevation, 
as in most cases of plants whose loaves sleep ; but the movements in 
question are more or less continuous, the one alternating with the other. 
Unlike most plants, the Sensitive Plant raises its leaves at night, and 
low^ers them by day. 


Nature of tbe Movements. — The most common kind of movement is 
that in wlfich loaves^ or floral cnvelof^s return to the position which 
the^r orinnally occupied, ^or close up into the same folds which they 
exhibited in the buds. 

Compound leaves, like those of Leguminosoe for instance, display a 
simple or compound movement ; in the Bean ( Jb&a vtdgaris) the leaves 
fold upwards, in Lupinus downwards, in Tamarindus to the side. In 
Amorpha fruticosa and Ghditschia triacanthos the rachis or common 

e of the compound leaves rises or pinks, while the leaflets turn 
aids or to the side. In Mimosa pudica the leaflets fold together, 
tial petioles approach each other, and the rachis or main petiole 
sinks down. In a species of Oxalis the pinnate leaves are folded toge- 
ther in an upward direction, a footfall sumcing to cause the plant to close 
its leaves (figs. 615, 016). 


Pig. 616. Fig. 616. Fig. 617. 



yic. 610. Plant of Oxalis, 

Fig. 616. The same ipeciea, with the leaves erect and doled, ass oonseqnenoe of irritation, or 
in “deep." 

Fig. 617. Leaflet, magnifled. 

When such movements of leaves or foliaceous organs occur at parti* 
cular hours, and the structures remaih in the new position until the 
recurrence of a particular period, the closing up is called the bU^ 
which is observed both in green leaves and in the petals of flowen. 
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The epoch at which the movements take place is very varied. Ordi- 
narily, leaver expand in the daylight and close towards evening, while 
flowers exhibit a great diversity of habit in this respect — so much so, 
indeed, that Linneeus was enabled to draw up a list of flowers, fancifully 
termed a floral clock ” (horologium Florne), in which a perioaical move- 
ment (opening or closing) mark^ each succcMsding hour. 

Ipomoea Ml and C<uytttegia septum ogen their flowers at 8-4 a.h. ; 
Tragopogon at 8-4 a.m., closing again before noon ; some NymphreeSf 
Nufitar, Lactuca, &c., about 6 a.m. ; AtuigaUis arvensis, 8 a.m. (closing 
again when the isky is overcast) ; Omithogalum umheUatumy li a.m. ; Me- 
sembryanthaceffi generally about 12 ; S^ilme vuxst^ora^ (Enathera hionmsj 
MirahUis Jalapa^ &c., 5-7 p.m. ; Cereus grandiflorm &c., Datura^ Mesem- 
bf^oii^smnm nodijlorum^ &c., 7-8 p.m.; Victoria regia opens for the first 
time about 6 p.m., and closes in a few hours, then opens again at 6 a.m. 
the next day, remaining open until the afternoon, when it closes and sinks 
below the water. 

Some closing flowers may be caused to own by exposure to strong arti- 
ficial light (Crocus, Qentiana vema) ; on others (Convolmilus) this ^as no 

In most of the periodical movements the motion is very slow ; but certain 
exceptions to this eidst. Thus in the leaves of Desmodium gyrans and other 
species, the kdtellum of Megaclinium f^atum, the styles of Stylidium adna^ 
turn, and others, the movement is quick enough to be directly perceptible. 

In Desmodium gyram. (the Telegraph-plant) the trifoliolato compound 
leaf has a large terminal leaflet, and a smallor one on each side. When 
this plant is exposed to bright sunlight, in a hothouse, the end leaflet 
stan£ horizontally, and it falls downward in the evening ; but the lateral 
leaflets move constantly during the heat of the day, advancing edge first 
towards the end leaflet, and then retreating and moving towaw the base 
of the common petiole, alternately on each side, in a mann^r.««ver;f welL 
compared to the movements of the arms of the old semai>hore telegraphs. 
In MeaacUnium feUcatum (Orchidacem), when exposed to sufiicient heat, 
the labeUum' rises and falls slowly in periods of several minutes ; this 
structure is also irritable, and moves more quickly, with an oscillatory 
motion, when touched. 

Induced Movements. — ^Irregi^r or irritable movements take place in a 
great variety of plants, of w^hich the following paragraph contains the 
most striking examples, separately or in association wuh the spontaneous 
movements oefore mentioned. Ihey are influenced by contact and by 
various chemical i^ents, while others paralyze the motion : — 

Leaves i The '^Sensitive Vls.n\A^ (Mimosa, pudiea,sensitiva, casta, and 
many other species) ; ^chunomme sensitiva, indica, pumila ; Smithia 
sens&iva ; Desnumthus stolonifer, triquetris, lacustris ; OxaUs sensitiva, and, 
in less degree, Oxalis stricta, Acetosella, comiculata, Dep^, d>c. ; Eobinia 
Pseudoaeaeia folds its leaves when violently shaken in Ihe moming ; 
lastly, jOioMsa museipula, the Venus^s Fly-trap, which fdds its leaves^ 
when visited by insects, and Drosera (fig. 588, p. 500), which enfolds itself 
over the captured prey. 

The ^ponJUmous slow movement which occurs at stated periods (move- 
ments of rieeping and waking) is, as has been said, diflerent from the 
sudden motion caused by external stimufi. Ether and other anSBsthetios 
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puralyze the latter, hut have no effect on the spontaneous movements. 
There is no special contractile tissue in these plants. 

Petals , — The movements of opening and closing have been alluded to. 
Other induced movements occur in connexion with fertilization, one of 
the most striking of which is that of Pterostylisj an Australian Orchid, 
w'here the lip has a tongue-shaped extremity covered with hairs and a 
hinge-joint in the middle. If an insect alight on the tongue, the tip 
bends upwards in such a manner as to imprison the insect, and fix 
it up against the anther till he has removed the pollen. See also Draltea^ 
fig. 402, p. 372. 

Stamcm — curving towards or away from the stigma and dehiscing 
when touched : Berheris mlgaris and other mcies, Parietaria judaica, 
Spamiamia africana, Cerem grandiJlijruBy AeKanth£mum mlgare and 
other species, and various plants of the tribe Cgnarem, Other curious 
movements of the stamens and pistils, and also of the staminodes, are 
alluded to under the head of Fertilization, lleckel attributes the move- 
ments of the stamens of Btrh^a to the alternate changes of form, now 
>bng^ow. short, in the constituent cells of the stamens. In order to 
V Snf ^ hia, M. Heckel availed himself of aneesthetics. The necessity for 
doing this arises from the fact that immediately the stamens are cut, in 
order to take from them a slice to examine under the microscope, con- 
traction is caused \ but by, so to speak, paralyzing the cells, a section may 
bo taken, and the normal unirritated condition of the cells ascertainea. 
So treated, longitudinal slices of the irritable part of the stamen (the 
concave inner surface in this instance) are seen, according to M. Heckel, 
to be arranged in parallel rows, and each cell to be longer than it is wide, 
its yellow contents being diffused throughout the cavity and applied to 
Iho walls. An examination of the same cells in the excited or irritable 
state shows that they become shortened, contracted, and gathered together 
' t^ they suly occupy two thirds of their original space ; the contents of 
each individual cell are collected together in toe centre of the cavity, and 
the outer cell-wall or envelope is thrown into transverse ridges. So, then, 
in the one case the coll is at rest, in tSe other it is tense and contracted, 
the seat of contraction being in the protoplasm lining the interior of the 
cell-walls, rather than in the cell-wall itself. 

The opposite convex surface of the same stamen, with which an insect 
visiting the fiower does not come in contact, is not sensitive to external 
impressions of this character, though it a^ shows contractile power 
arising from internal causes. This contraction is exercised in a manner 
directiy contrary to that manifested by the ceOs on the inner surface — 
that is to say, that when in a state oi rest, under the influence of the 
chloroform, they are contracted, while after irritation they •are distended. 
They would thus have the effect of pulling the stamen back into its old 
position after irritation. 

The peculiar movements of thepoUen-massesof Orchidshave already been 
allude to (p. 373). Another illustration from Orchis pyromidaUe may here 
be given, in this plant the two caudiries of the pollen-masses are connected 
together by a saddle-shaned dmk, the poUen-masees when in the anther 
bmng nearly vertical in oireetion and ^rallel one to the other. Whenr 
removed from the anther by the proboscis of an insect or the point of a 
needle (fig. 618, a) the saddl^like disk contracts so as to attach the 
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Fie. 618 . 



are 80 placed »» to come into conUmt^ith the V-like stigmata of another 

flmxrer and tlvus oftect crosfi-fertilizatioii._ , « / 

^ %fo : W«"'“ mitophytta, MaHyma, Mmtdm, &c. 

MmrameiitB of SteiM.— Some plants manifest a series of Mon- 
Moreinmtt 01 BW r ^ .^here the stem exhibits 

Zrmi’s of Ldi 4 and straightening. The young 
regularly ^jj,igg2fordmmniana has been observed to revolve 

the Deodar have similar movements. i. v i. 

Climbinir Plante.— The phenomena of the movements of climb- 
CUmo 5 . , .1 sDOiitancous revolving movement of ten- 

^gplan on contact, have been .studied in 

Mr Drwin,"has shown that organs of the most 
Lomholosical character may nevertheless exhibit the same 
JwmSr^'^Thf object is to eMo the plant to expose its leavM 
pbenomen . air with little expenditure of material. In this 
^ ^ wLkl. erowing ptaut «»« Mwintoin it«K in (it. ■in.ffi** 

witu ire pi«sge« ._i those that twine spirally m a dex- 

^rse or sinistrorse manner round a support ; 2, those endow^ 
S irritable organs which when they touch any object it , 
rSaXcUmbing by means of hooks as some Palms, Brambles, Ac. ; 
4’ plants climbing by means of rootlets, ns the Ivy. 

The two first Classes exhibit special movements. The young 
In© ^wo nad as we have seen, of Conifers and probably 

shoots ?£ watched for a continuous wriod, or obse^ed at m- 

moBt of^r w^ed to bond to one side, and to travo slowly ro^d to 

^r'wlVZVthe compass in succession, therevolving movemOTt, whi^ goes 
•llpomts ol the pM Taryina in rapidity according to circom- 

“«d*nltim!te^ cearing. revolufion w effectedby a bentog 
**““ef^2torfi«t S onf direcaon, then in miother, so that the 
v^wS .weSio^d, but does nit become twisted «“ » 
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fjvt* at the lip. lf,duriiijr tlio course of its revolutions, it come in contact 
with nnv object, such us a. stem or a brunch of another plant, it twines 
around it. Tiie cause of the moveiiient is .su|»|»osed to be duo to ruj>id 
;rrowtli in a lonjxit ml i mil direction, the bund of ^•■iiAitli travellinj^ round 
llie tendril aind successively bowing eucli purt to the op])osite aide. 

Leaf-climbcrs.— These lire plunts wliosi^ h'af-.stiillvs ela«»p rouiub nn^'^ 
support that inuy come in tlieir way, while, in other cases, the plants 
eliiiib by tlie tips oft heir leaver, u-s in (rlonoaa^ p. od (ilg. (;7). Tho young 
iiiteriiodes llu'st; plants re\i>lve as in the former cas(*, and w ith the 

i) l>jeel of bringing the pt'tMes into contact with surrounding o])jects. The 

j) elioh‘s in these eases aie, when young, sensitive to asliglit toueJi, bending 
towards tlujtouehed side at dill'erent rates in dillerent species. Sueli 
jadioles after a ft‘W da 3 'b become much thickoiu'd, and assume a slem-like 
cl niri icier. 

Tendrils are thre«d-lil\o modifications of loavt's, peduncles, or branches, 
jxissessing tiu' power of spontaneous r(‘ volution, the whole huigtli of the 
■ ')rgan*<‘\ln})iting curvature exeept at the extreme tip, which is sensitive 
Ihi touch oil one side or tlie other, nr on both. AVlien the end lias caught 
a su]>pert, the bnidril winds round it in a spiral direction according to the 
ptisilion of the sujijiort and the side first touched. Twining ])lunts, on 
the other hand, eiirl round tluur supports iiivariahly in tho direction of 
their revolving moveiiient. . 'I'lio tendrils of ditTereiit species of the same 
genus twine in difienuit manners— in some cases bending tlieinselves 
aw'ay from the liglit, so as to sct‘k crevices in tJiu bark, rocks, or -vviills 
on wbudi lluw are growing, and ofliui develojiiiig adbesivo disks at their 
extri’inities, as in yi/nyWeyw/s trivuspithda ( VeifeJni). 'Die diilcu’ent move- 
ments execut(!fl by tendrils maj' he referred to revolving nutation, bending 
to or from the ligdit and in opposition to gravity, in addition to tliose 
eaiised hr a loucli, and spiral contraction ; and it s(*em.s probable that tho 
inducing causes may be iliil'erent. »Sonie are, jirobably due, as stated by 
Sachs and l)e Vries, to rapid growth (flong oiu' siile ; hut Darwin doubts 
wlietlier tlie moveiiumts consequent on a touch can be so caused. The first 
action of a tendril, says Darwin, is to })hie,e itself in a proper position so 
as to be in tho most favmirahle position ft>r catching liold »»r any sujiport. 
Aii(»ther wonderful properly is the way in wJiieh they generally avoid 
foiling themselves around tlie stem from wliieli they lln iiiselves ])rofeed. 
When, says Asa ( 1 my, “ a tendril 8 wei*piug horizontally conics round so 
that its base nears tlic' parent stem rising above it, it "stops sJiort, rises 
.*•111113' iqiright, luove.s on in this po.sition until it pa.<<.ses by the stem, then 
ra]iidlv comes dow’<i again to llio liorizontal position, and moves on si> 
until it again approaches and again avoids tlie iujjMUiding obstacle.” 

Of the two kinds of motion, tho spontaneous revolutions and tliat 
induced by contact, the former may be compared with the spontaneous 
inovements of the leafiets of DvsinodiumfUV tho .‘il(*ep-iiiovenients of k*avi*H, 
while the miweinents due to contact are analogous with the, induced 
inovements of the sensitive plants. The timdrils of Paf^sijiora t/raci/iH and 
of a gourd have been seen by Gray and others to coil in> rapidly and 
perceptibly when their extremities aregmitly rubbed, straigntemng again 
after a shori time, to be recoiled if again excited. Once a grasp has 
been obtained the sensibility ceases. 

2u 
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CIIAPTEK I. 

(iENEIlAI. CONSIDERATIONS. 

Tlio object of tins dopartinfiiil of Botany is in (lolonniiietlio law n 
wliioh rule over the Dislrilmtioii of Planis in Time and Span*. 
I'hia abstract study is founded upon tbe facts furnished by 
Botanical (leography and (Icology, or Iho description of tlie 
present and past conditions of the Vc'getable inhabitants of tin* 
globe, and, in return, supplies those branch(‘S of practical inquiry 
with principles by means of which they may be systematized. 

Jiofanmd Geotjraphi/, which undcriako.s tlio dcscviptioTi of tlio pocu- 
liavitios of the vegetation occiirrinyr at ])re{^eut upon the earth's surface, 
and liotamcal Geolof/yt which pursues the investigation of the conditions 
of vegetation which liavo successively existed in dith'rent (iiMilogical 
epochs, deal witli facts so far distinct in their character that it is most 
convenient to treat of tlmm soparatclv; hut tlie pmivipks are coinraoii 
to botli, and may be taken as one subject. 

Ex))huiationa of the facta wliieli are obtained by geological iiiquirie.s 
can only be securely founded, either directly or indirectly, upon laws de- 
rived from fa(!ts fuinislied by experience of existing phenomena ; hence 
the principhis laid tlowu in the pre.'»ent chapter are for tho most part 
only actually valid in relation to existing conditions, tind, the subject yet 
being in its infancy, are mostly only speculatively applied to the elucida- 
tion of geological phenomena. 

iu 

Sect, 1. lisrLLTAun oi? Extebnal Agents upon Vegetatio.v. 

Climate. — Plants arc endowed with means of diffusing them- 
eelves, more or less ellicicntly in difterout cases, over the surface 
of the globe ; but in most cases their existence is limited to certain 
regions or countries. Gteograpbicol obstacles, such as seas, 
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mountains, desert tracts, prevent their spreading indcfinilolj'^ : 
some of these may bo overcome by accidental infliumcos, such as 
seas intervening between countries, and tbo like; ot]it*rs can 
iieitluT be conquered nor evad(id, such as vliniate, which lixes un- 
alterable runils to the stations which can be permaneiill}" occiipieil 
by specu's. 

That Cold and ITeat, Damp and Drought, intensity and duration 
of Ijight, t^io <ilneL‘ constituents of what we call Climate, are tlu‘ 
most important of the (|‘xt<*rnal intliiences acting upon plants, is a 
fact manifest not merely from the conclusions at whicli \\i* havii 
arrived in the study of Yegetablo Physiology, but one A\hich is 
re>eal(‘d by the most slender experience of horticulturt) and tlie 
most supe.rticial ac<iuaintauci5 with physical geograjdiy. 

The naturt* of the soil doubtless has also much iiilhiencc on tin* 
distribution of plants, dependent less, probably, on its chemical 
com]tt)siti()n than on its mechanical constitution and In'^grometric 
state- 

Every s])(‘cies of plant flourishes best within a certain range of 
temperature, bwond whicli, ou both sides, it either sull‘t.*rs from 
summer heat or is killed by winter cold. 

If lh(^ earth’s surface wore of uniform character, we might 
expect to liiid forms of vegetation arranged in bauds or zones suc- 
ceeding each oth<‘r from the equal or toward th(‘ [)oles, (‘ach occupied 
by plants “hardier” than those of its e([uatorial neighbour. Such 
zones of vegetation have in fact been laid down by botanical giio- 
graphors. iMeyeii drew up a plan, in which a immbi'r of zones 
wer(‘ marked, dt*tined on each side by lines passing round the earth 
at certain parallels of latitude, b^vveeii \\hich a cvrtaiji a^erag^‘ 
climate was assumed to exist. 

Isothermal Lines. — l^^roui thi* want of imiforinity of the surface of tho 
globe, thf i-sotJu rinaJ liwUy i. v, lines ])asdng lliroiigh spots whicli luivo 
an equal aimual tciupcniluve, hy no nwans coriesponrl to parallels of 
latitude — tlie di.^trihulioTi of land and sea, and tlie alteniation »>f iilains 
and mountains, deflecting sucli lines to the. n»)rth and south, soiueliines to 
a very gn'at extent. In addition to this, from tlie divcM’sily of habit ()f 
plants, they are dillercntly ntfccled hy heat and cold, and tlie diMvihutioii 
of species is far more iniiuonced hy th*' summer and irinfer teinperaluie 
than by tlie entiri' amount of lieat received during the year. 

Nevertheless, as a g«Mieral rule, plants have a pdar and an equatonal 
limit, fixed by temperature. 

Temperature as regards plants may bo divided into u-^L‘fnl, useless, and 
injurious or deslruetive. Each plant, as we have seen, requires a certain 
sum of heat to live, so much more to llower, more still to ripen its fruit, 
&c. Within certain limits it is immaterial wdiether the plant get this 
heat in a short period or diffused over a longer time. Tempjii at iires below 
(PC. are useless to most plants (that is to say, vegetative action is 
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iiiTc*fc.tod) ; but many aur\ ivo at a much lower temperature. Every plant 
has n zero of its own, b(‘y(»ii(.l wLich it does not thrive. 

.M. lie (hindolle divid*‘S ]dants, in their relation toteniporature, into : — 1. 
Mdcrot/trruin, or plnnts rwjiiiviiifr miieli heat, as the plants of iutertropical 
re'.fions ; 2. M/'sitt/irrws^ plants of the subtropieal and warm tein])erato 
ziaies, snbjeet to p-n*at heats and never for any l(*np;th of lime t<» frost; 
:h J/ciotfirrmSj or ])lanls characterLstic of the cool temperate zones; and 

Mivruf hermit, or ali)ino or arctic )dants capable of existinj^ in xery cold 
re.iri^Mis. 

The eHeel of tempera 1 nre on plants depends very {greatly upon theii habit : 
thus annuals wliieli aceompli^b their life fiincfions in a few months aro 
indiffer(‘nl to the winter’s cold if theiv is heat enondi to enable them 
to rijien their seed hefore the winter comes on. Other plants are pre- 
V(‘nt(‘d from spreadii'f^^ Iroiii warm latitudes to colder hy detieieiit summer 
hi“at : hence a ditt>ion t»f plants into h(‘at lovers ( VhllofluTnm) and cold 
fearei s ( Frtf/nftif/cfi), 

Altitude. — An important ipialification arises from the I'xistencc of liijrh 
moimlains within tcm]ierate and tropical laiiliidcs. ^J'he tcmper.iiarc of 
the soil an<l Jilmosphiuo diminishes w'ifh the dc|LnT(‘ oT elevation above 
the surface of the o»’euii ; and a sncces>ion of limits aro found n])on the 
i^ides of hijjrh nKUintiiins eom]iarahle, and in a ^jfreal di'irrec* pr«-])ortional, 
to the polar and equat<'rial lijiiits uf ]>lanls. Mountains situated in the 
tro])ics possess zoi’.es of climate wdiich, at successive ehwatiojis, res^^mhle 
horizontal zones situated between the ba.-e of the mountains and the 
poll s. 

DrouRbt and Moisture. — Moist iiri‘ and dron^’ht are only to be called 
secondary cliinatal iniliiences, from the circmustajwe t hat they depend in 
a ‘^reat measure upon temperaturi*, either directly or indireijtly. In the 
Arctic ri'fjioiis and iijion mouiitain-t(j])s, covered with etm’iial f now, there 
is dronjrht fn in the solid itication of iln» w'aler. Tn temperate and tropical 
re;rions the deiriee of humidity is dejaMident not nu rely ii])oii temperature, 
blit imon this combined A^ith ther,)iilii*:nra.tion of tla* surlano of the earth 
and llu' nature of the soil. 'Wherever tlie temperature of the atmosphere 
is above the fiei'zinjr-point of vvalcr, it laKes up aqueous vapour: even 
ice evaporates in warm air; and water evaporates in proportion to the 
teinpcraiure to w hich it is exposed. 

'riiti ocean, especially in warm latitiulos, pives np vast quantities of 
aqueous vapour to the atmosphere, which it delivers in very various w^ays 
to the land repioiis. Islands and coasts in penmal liave a moist climate, 
while the inhuior of continents is dry ; but those rules are interfered with 
hy currents or prevailing winds, cariyinp air loaded with moisture in 
particular directions. As an example of this, we find the west coast of 
Europe with a much damper climate than the opposite east coast of 
America, owinp to the (lulf-stream and the winds brinpinp the moisture 
of '^he AVcst-Indian Sea in a north-west cuiTcnt on to our coast. On the 
<?ontrnry, t)io prevnilinp winds blow off the w^est coast of Nortli Africa, 
and those received on the iiorth-i'ast side come from over diy^ land, whence 
a vast tract of land Ivinp in this continent becomi'S an arid desert. 

There is a great difference also between mountainous and flat countries. 
The csold upper regions of tropical mountains arrest the prevailing currents 
of air and precipitate the muisturo which they contain. Hence the tracts 
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lit llio fool of moimtains arc well supplied wdtli umiMture if the nltitiido 
is suflicieiil, us ;it the south slopt) of tho Iliiiialayiis aud the cast slope of 
tlio Aiiilofl. /lOtnsi, wliieli dot's not n*ach tho line of pcipotual snow in 
1‘hirope, has aiitl and barren slopes in the upper repfions. 

Habit ill relation to Moisture.-- Plants are divided into Xrrnphilrn^ or 
tliose enpablti nf evicting in vto’y dry climuh's; llt/ffrophUrA^ or lliosc* 
whieli can ojily exi-^t in the presenct' of abundant inoistiir**; an inior- 
nie«lial(' ;.rroup is called Xoff^rophilt', Xcrophih^i* are fiefjUt-ntly inarkt'd 
by struct urijJ characters, such as tho siiecuhnit tissues eneasetl within a 
thii'li Iratherv rind w liich admits »>f liltlo transpiration, S'fhtjn, Cadm, Sic. 

U’lje presence of bulbs nr of thick slocks and lar^j^t^ riirid nr ilesby 
leavt's is another characteristic of drou^rht-resisliii^ plants. Another 
c!iai*:icl''ii^(ic type vej^etafion in such districis is that re]>rcseute<l by 
dry, niuch-braiudied s]iiriy trees or shrubs with scanty foliage and sirniil 
leavti-i. Ilnsinniis exudiititJtis, dotted b'avcs, flense coverin|T of hairs, aiv' 
nllirr .structural pe<‘uliarilit‘.'< characteiistic of plants of dry rep^ions. Siu'h 
Nari.'itions in “ habit *' are ccnuiiion to most natural orders, and are indica- 
tions, flnl <)f p^enelic relati«m.-.hip, hut «)f adaptation to circuinstaiiceH : thus 
(!acti and lMij)horhias havf? often the .same “habit/’ because livin»r under 
siTnil a’Cf)nditii»ii>i, but, {i-iMicdhtalU , they ar<* very wide a])art. A complete 
af’eouiit oflhi.s biMiieh of the .subjei't would recpiire a. xoliinn^ for itself. 

Of all th(i iiifliu'nco.s 1o which jilaiits are oxjio.sf'd, cliin.'de i.s tin* 
iiioyt iio])ortant ; it .s»‘1.s absolido limits to specif's, which is not tin* 
(*as(i with any otlu'r of Uni caiisos alYectinfif distribiitioii. 

Srcondanj Xatnntl /njlifnins. 

'riiore is no doiil)! ihat tlie distrilnition of jilaiits is ^ri\'itly 
alToctcfl liy the corivi'yance of seeds, fruits, S:c, from phua* to ])1 ;lc(‘ 
within tho same cliniaial re;^ioii, by niarine curruiits, ri\er.s, winds, 
&c., and by animals, especially birds. 

Currents. — An example of dillieion by niarine. enrrents is fiirnish(!dh\ 
the occurence nf the (h)C(\i-inil Palm frin^injr tlie i.-.hinds of the Pac.ilic ; 
an<l it i- i)n'liabl‘" tii:it the niixf'd v<’ir(?tatioTi fd m-niy i-hinds i.s Iti 1 m* 
jicconnted for in part hy such cairns. Mariiifi currents an of most iiii- 
poil.ince when theypa.s>. alonp: coasts, or acro.ss tracts of ocean in pirnilar 
lalitiuit‘.s — stich as that ])art of the (.Tulf-strcam runniiijr in the Mexican 
Uulf, tin* Cl lire at.'*, running- from .M;nloira to the Canaries, from the, last to 
Sene^ral, the, t'U'it-lo-v.e.sL current of the S«)cit*ty Islands, &c. Tho .“ced.s 
nf (iuilavfUua Bumlitc, n AVe.^'l -Indian tree*, have been found in a p-er- 
ininatinjr cniidilinji on tho Cornish coast, where, however, tlie climate 
is not siitllciently favoiivahle ft»r it to estahliish itself. llivt‘i‘s are, most 
intluential wlmn tliey llnxv from the. east or xvest. (hirr'Mits of anx’ kind 
])a‘*^in^'' northwards nr .snuthward.j are less likely to convey seeds &c. into 
a suitable climate fm* their naturalization. 

Winds. — The winds do not appear to be xory infliuMitial in tran.sportinpr 
Pbanero<rara«)U3 plants ; but the cosmopolitan distribution <if the (Jrvpto- 
;^ams is at k'ast partially attributable to the facility with which tneir 
microscopic spores are carried away by currents of air. 
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IcoBerers, Glaciers. — Icebergs probably have some share in difFiising 
plants^ siru*e they are ofU'ii found hiaiied with masses of ciarth containing 
seeds, whicli they oceasionallv cast upon strange shores. 'Inhere is r(‘HSon 
to belhwe l.hat this kind of inHiumce was lar more actively at work in 
North lOiiropo in the geological period preceding the present. 

AnlmalB, &c. — The transport, by animals takes place partly through 
migrating birds, partly by quadrupeds which have wandt*ring habits. 
Among birds, many ol tb() omnivorous kinds (for instance tla^ Thrushes) 
mignite from novtli to soutli in autumn, at the time whev berries and 
similar fruits are ripe, and they ofttm void ihciseeds of tliese fruits little 
altered. Animals which, like the northern Reiudeers and Jhittjil(M!S &c. 
of other laiul.'^, Irav*-! from place to plae*' in troops in s»'arch of food, 
doubtleSLS oftfm carry seeds and fruits adlioring to their fur into new 
localitk's. Flocks (»f animals transport(*d through human agency become 
more fruitful sourre.s of this intlueiice. 

Aiiimals may lik«‘wi.se greatly affect vegetation in the way of limitation. 
The invasion of a ri'giori by tlocks of graminivorous quadriqx'ds, the sudden 
apjK*aranet^ of plagues qf locusts or any other of thii numerous^ ins(‘ct 
eneiiiies of \«*getahk'. lif^, may qiiit(* change the character of the'vj*geta- 
tioii of a (listnct, somewhat in the manner in which a totally diifei’i'nt 
asseTu])hige of plants s])rings np on llie ground cleared by burning the 
primmval forests <.)f South America. 


Effects of JJuman Interferejice. 

Migrations. — The n^sults of the activity of man di.s])lay them- 
si'lves in both extensions and Jimilatioiis of the distribution of 
species. 

From the time of the earliest migrations of the human race, cer- 
tain plants must have been in«a condition of constantly increasing 
diffusion. The native countries of our Cereal grains are not satis- 
factorily known ; tliey liavo b(‘cn or are trultivated wherever they 
w ill grow in Europe and tlu^ adjoining parts of the other coutinenls. 
Doubtless many of what we call weeds have shared in the transport 
of the seeds of useful plants, having been either mixed with lliem 
or accidently adhennit to tlie clothes, goods, or domesticated ani- 
mals of the wandering races. 

Transport of this kind w'ould be still more active as agriculture 
extended ; and w'ars, the improvement of navigation, the discovery 
of the New World, and countless minor events contributed to 
increase the interchange of the natural products of different regions, 
eiilicr intentionally or by accident. 

Cultivation, ftc. — Systematic cultivation of land is peculiarly favoirnnhlo 
to tJio intermixture of ucw' elements in the floras of particular regions, 
from the fact tJiat seeds of many varieties of useful plants are constantly im- 
ported from cliiiintea where they ripen better or can be kept more easily 
at a higher standard of excellence. 
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Cl()vc*r-s(*(‘d, for ii)8tanco, is largely importod into Britain from France 
and (itTiiiany ; many of llie weeddof our arable lauds havt< doubtless been 
introduced A\ith foreign seed, such as Adonis untmnnalisy Veronica Jiiu'^ 
haumiiy Vapaver somniferum^ iS:c. JlaUast-beaps at sea-ports, whore 
Vessels returning home from foreign countries discbargt* their ballast, have 
lieeome Irequent sources of new importations; and nierchandise, such ns 
cotton, but esp(‘cially seeds, fridts, clye-stutls, iS:c., ofUni contains seeds of 
plants, some of hich now and then acquire a footing. 

llorticnllure is so evidently one of the most important inflinmcc^s in 
tin; diflusioitof plants, that it is scarcely requisite to dwell upon it. 

Extormination of PlonA. — On the other band, human industry has a 
great tiuidency to oa terminate particular forms of vegetation, or, at least, 
to grt‘atly affect their relative pri‘dominance in a given regitni. The 
destruction of forests for the ]mrpose of cleanng land for cultivation 
changes tJie whole fice of vegetation, and even, to some t'Xtenl, 
affects the local cliiuatc;, as also do drainngt* operations in their degm*. 
Instances of change of this kind might be furnished from almost tsvery 
part (d iIk‘ globe. North Iuiro}>e was clotlu*d in earlier times of the pre- 
sent })eriod with dense forests, long since cleared aw'ay to give phu*e to 
cull i rated plants and a multitude of wild plants suited to the dilTeront 
condilioiis of th(' soil. The forests of North America arc, in like manner, 
disapp<*aring by degree's under tin* hand of man. 

The cluing(5 is not meitdy oiu' kept up by a eonthmnl effort of cultiva- 
tion; the original veg(‘taU.on does not always reestablish itself when the 
region is deserted. New kinds of plants spread over the ch*aved ground, 
and m‘w animal iuhaljitants come to cht^ck the efforts of the old forests to 
renew themselves. 


Sect. 2. Infli’enck of the Laws of Development of Plants. 

Plants of Wide Distribution. — If we leave out of vi(»w tlio 
(|ueKtioii of the origin or creation (ff plants, there, is no reason why 
any given sj)ecies should not exist in all i)laces where the climate 
is suitable. 

Some kinds of jdaiits are, indcjed, very widely spread over the surface of 
tbt 3 glob('. Hooker bus enumerated upwards of 30 species of Flower- 
ing plants common to N orthern Kuro|K) and the Antarctic regions. A 
considerable iiumbor of North- Furopeun species extend round the globe 
in northern latitudes, in the colder parts of North America and Asia, 
Not a few of our plants occur also on tlu^ Himalayan Mountains. JUpi- 
iohium tvtraponum, a British s}iecif\s, is found in Canada and in Tiorra del 
Fuego. Our >vliite lledge-Couvolvulus, with some other British plants, 
oecurs in tbi* Galapagos J.slands. Many of the Falkland-lsland plants are 
met witli also in Iceland. Plantatjo maritimt, a comnifui soa-sidc plant 
with us, is found at the Capo of Good Hope and at the southern extremity 
nf America. 

Representatives of some fe.w natural orders occur in all regions, c. g. 
(h)mposita3, Leguminusm, CyjKTiicem, Filiecis, J‘>pii8etiic»*ae, and a few 
otliers. A few genera also, such as Senecioj Rnhus^ liantago^ OxaliSf have 
also representatives in till regions. Vciy few species are thorougly cos- 
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iTiopolitmi^ some wiiter-wtK'ds (Potamof/f'/ou) are nearly so; Slji*pli('id’s 
pui\se (^Oz/AW/rt is a nollier instance. Miiny of Iho iiiaeio- 
(lierms jire eoniinon lo llie tropies nf Lzdb heiuispLui’es, the iindollierms 
Hiifl mesolh(n*iii.s uve los.s eosmi»j>olitnii. 

Iiisfancos, howovei*, of sncli cosiiiopolitan plants aro exeeplioiis 
to ilio rule, and the majority of the ])laiits oeeuiTin*^ over widti 
exteiilH of the j^lohe ])n*sfuit-. eliaraeh'rs whieli facilitate their dif- 
fusion by natural or ariillcial intiuencos. 

Tlie phints ( riiani r.iirainia) o(;rnp\mi»- even one third of* the earth*' 
Riirface nro hat a t^inall friutitm of Known jifanis. .Many of these ni * 
aquatic or auhafjuji lie its : ;iiid a coiidilerahle nuinl)«T lielon*.^ to tin* 
list of weeds \\hieli ineonipjniy man, ^rowinj^ in enltivati'd hind or 
rnhbisli ikv. ; h-w or no wo».dv ydaiits occur in the lists hitherto niih- 
Ushed. 

It is ()l>s(‘rval»h' that tlu'so cosmopolitan sjx'cies whicli occur 
widely spnaid over two conliiK'iits are found also in tin* adyicenl 
islands. 

Tile Arelie pbnits oeeiirrieij;* in tlie continents of th(‘ Old and Nt'w 
A\ orld are fonial also in the loiroes, Iceland, and the Aleutian Islands. 

Plants of Eestvicted Distribution.— On the otlu'r hand, ci‘riain 
plants oceiir only within ^erv narrow limits; this is tlie case nitli 
many eontinental sp(*c]('s, but more j)arlienlarly w il h insular plants, 
as juentioiUMl in a subseqiieJit paraj^raph uiuliT the luad of Insular 
Jloras, 

Aroa of Distribution. — Cnnierally sjieaKitiijf, the .species of plants 
of a continent aro found most abundantly over a particular mon* 
or Je.s.s extensive tract, e;r()win^ .searccr, Jiiore or It'ss siuldmdv^ at 
tlie marf^ins of this sjiaci'. Such a sj)ac(\ called tin* zz/vrz of disfri- 
biition of the species, in th(*se ca.se.s exhibits a (rntre or point of 
greatest intensity of occurrence. 

The areas ol inany plants ('\tt*iid not only over coutinent.s, but 
over detaelunl islands, and <*veii to other coiitineiifs. In main' 
iiiistanees speci<'s are spri'ad interruptedly over tlieir area, as is the 
case with the aljiiiii) p]:iiit.s coiumoti to Norway, JScotland, and the 
Alps. etc. 

Representative Species. — It is usual to find the maximum of a 
species in one count rv, forming a single centiv' ; and this .same 
spocic.s doesiiol- reenr again with a centre in a distant spot with a 
similar climate and soil. Jlut npresnihiflrr sj)(Tles of the same 
genus occur not unfreijuently under such circumslnnces ; and this 
is still more the case with genera of particular Orders, .sometinu's 
also with the Ordor.s of like haliit. 

Tims, the Violets nf Europe and those of North Araovica are distinct ; 
lilt* dwarf J’alm, Chanuerops humihs, of ICurop*, is represented by 
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in North America. Tlu* Tloaths {Erica) of Euvo]k^ ar<’ ropn- 
M'litod bv diiloreiit .spi'cits at tin* (aipe* of (buui ^Plio Knst and 

Wot Jndios and Africa liavo tlu'ir peculiar IVlniaccjc, ZniLdbcracca*, 
Marunlaccjc, Aic. TIa* .siiccuhait Ciictiiccin of (\‘ntral America rejavsejil 
llie lle.d)V l!n]]horbiacea>, Ascl(‘piadacejo, anil JSIesiniibryanthacea‘ of 
Africa. Yhe ( 'api* Heaths are roprcsenti-d in AiiNlralia by I'lnacridaceje, 
a.Nsoeiali'd in lilu‘ inanner with M\rlac«-m and l‘rj)t«‘acr;e. The Firs i.f 
Ihe southern hemi'-phere belong to genera distinct from tho.M* ot tlie 
noj thern liemispliere, &c. 

Specific Centres. — Tlio e\ idont abscnico of a constant relation 
hot w con the cxisfciuv oF certain climataJ coiidilions and lbt‘ occur- 
ren(*e oF particular sjuries of jihmts- still more, the existence of 
limited (ircds of diNtribnlion, often e\bil)iting endrisi of greatest 
abinidance— lja\e led to tlu^ supposition that the indiiidual speeit's 
of [dants lia\c been created at particular i*(Milri*s, wlnuiee 11ii\\ 
have spri'ad thernselxes over mon' or li‘ss (‘vtiMisive tracts, in tlse 
course* of their c\t(‘iisiou becoming intiTmixeil with otliijr sj)ueies, 
and thus jirodueing coin])b‘X as'^einblages. 

The sjiveading of ^^llat are called social ].ljints, .oieli as I’a^l nn-Hra.-scs, 
J’^urze, va vinos -tree \c., illU'iiMte.s the iaulilv villi wliieh inan\ 

]ilanls extend tliein.-ehi's over r.ew ground. 'I’lie Anachanr^ a Noilh- 
Aiiievican water-])lant, has been Jillii.sed all o\er Mnghnul within the last 
few years. The diirusion of certain plants is also greatly dejiimdent on 
the success of sonit* plants over v>tla*rs iu tin* struggle for e\i>tejice whicli 
is ever going on in iialnn*. It does not fnllov that the wild jilants in ml^ 
given area are those which are biist adapted I’m* that sitiuilion. 'Fhey are 
often the weakest, and are overpnvehsl hy otIsT jl.inl'. Jn Ihi.'. waN 
native vegi'tation constantly geU i-xtermiuated hy foreign inUinlers. 

Ill Ih is liy|iol]i(?.sj.s it is uniiiymrlnut wliether v\o imagine a 
single plant (or pair of diarious jihints) ora more or less (*.vteiisive 
asseinhlago of individuals to have hccii created ou tlie same s])()l. 
This is a question impossihle to lie solved hy seieuei*. 

Some autliors believe lluil. ."pecic^ iia\V* bemi eri‘at'‘d at uaiTiy jioint' 
whore the conditions Were iilting, e.vpliiining in this way tlie iiiteri uj.te.i 
areas of certain jilaiits. 

Successive Creation of Species.-— Tin* facts rovcaled liy Heolog;. , 

as veil as by llotaiiy itself, tend to proM? tliat th(^ creation of 
sjiccics has not been simultaneous, Imt hhcvchhIvc, in dilTereiit 
gi‘ological periods. Not only do we find in the oId'*r J’orma- 
lions fossil plants differ(*nt from living V(*gota1ion, but those b(‘ds 
immediat(‘ly pn^ceding the present surface of the e.arth contain not 
only remains of animals of existing species, but fossil plants closely 
resembling, if not idi*nlical with, existing plants. 

Existing Agencies not sufficient to account for Plant-distri- 
bution. — ^Numei'ous oases of scattered distribution of existing 
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vegetation cannot be explained by reference to existing influences, 
such as transport, &c. Thus species with large seeds grow in 
countries b(itween which apparently insuperable obstructions to 
transport exist ; many species are common solely to the tops of very 
distant mountains ; many wid(*ly distributed aquatic plants pro- 
duce seeds which sink to the bottom of the wat/cr w'hen ripe, &c. 

Again, spoMucs are wanting in regions so well adapted to their 
c'xisteiK^e. that, when artificially introduced, they establish ihem- 
.s(;lv(*s like natives. Ojrtain countries, 8e})a/*atcd by broad oceans, 
liavo moiv species in coininuii than either the distance or nature of 
their climat/e would render pr(»hable under ordinary circumstances; 
while eoutiguous countries, with similar climates, sometimes pre- 
sent very dilTerent species. 

Some couJilrit‘s are rc'markable for a groat number of species in 
a gi\en area, others lor paucity of species. 

liastly, 8])ecies of simple structure (Kiishos, Grasses, &Lv)ha\e 
often wide rang(‘, even thungli their seeds are not more easy of 
transport than usual, while otluTs of highcii* organization, with 
seeds or fruits easily transported (C’ompositas <^c.) often occur in 
very limited areas. 

To sum up these statements, ilie oecurrenee of certain species, as 
a general rule, in one region rather than another, their abundance 
in particular localities, the exttnision and especially the disjunction 
of species destituie of eflicient unmans of transport, the nou-exten- 
sion, on the coiilrarv, of sjiecies possessing seeds easy of transport, 
certain analogies and certain ditlereiicos bi'i\\(?en the floras of 
siw'eral countries, and their relative richness in distinct forms — all 
these important ])heiiomena arp iiicx])lical)li^ by causes now in 
active operation ; and we are consequently led to seek their solu- 
tion by the aid of geological inquiries. 

TJu* Into EdwnnI Forhos was tlic firs! (o opfn this line nf inquiry, in 
a most nciite and ingenious Jvssny on tlio Ongin of tlie existing Flora of 
Hritain. Hooker has pursued the same line of reasoning iu his inquiries 
into tilt* botanical geograi)liy of the southern licmLsphere. 


Sect. 3. Geological Influences. 

Katural Science is incapable of elucidating the actual origin or 
creation of organic beings ; but it seeks to trace up, as nearly ns 
possible, to the earli<\st periods the ])henom(‘iia exhibited by 
created things or beings, and the successive and gradual evolu- 
tion of forms according to Hie laws of variation, the influence of 
vital competition and external conditions, as previously mentioned. 
In addition, the botanist seeks, by geographical and geological in- 
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quiries, to discover the probable aboriginal localities of species of 
plants. 

It is impossibli; to say in what part of the plobo plants first appt'arcMl. 
Probably they grew on lands now Hubmerg<*d beiiealb tlie ocean, or, still 
mon* likely, tliey were (M'risbable aquatic jilants wbicb liuve left no trace 
of their existence. Geology tenc)w\s that the dry hind of tbi' globe has 
bomi successively elevated and di'pressod below the surface of the sea at 
various epochs since plants wore first created; hence there ha\e existed 
siiccessivo and variable centres of creation, 'fhero may have existed 
means of coinmunicotion hetwi^en diHereiii centres, so that species may 
have passed ovit from one to another, and in tliia way siir\ived in a new 
locality th(‘ destruction of tlieir birthplace. 

Species have made their appearance successively during dilTerent 
geologi<*.‘il epochs, and liavc liad more' or less extemh'd duration. 

Probably most of our existing .s|)ecieH date from an e]MK*h 
anl^'riop to that at which the exisling coiiliiuMits acquired their 
present configuration. A large jiroportion of the prt'sont genera 
were in existence before the mid of the Secondary period. 

Tliey may have spread widedy in ancient times, and t-lndr area 
may Iiav(' been broken u]) subsequently by obstacles now iiisur- 
mountabh'. They may ha\e been transported in past ages by 
causes not now in operation. 

Thus the disjunclioa of certain alpine and arclie speeies, that of aquatic 
nr miirsh-plants in dilUn'ent countries, that of lurge-s(‘eded plants in islands 
jiiid me /re or less distant contiiieiils, may be 4*x plained by tJiidr antiquity 
or former wide dif fusion, ns xvell as by supposing creation at various 
points. 

The species at ])resent confmej xvitliiii small areas, in spite of 
means of transport or continuity of land and suitable climate, 
would appear to be those of most recent crmitioii; that is, they 
seem to have originated since the existitig coiitiiKUits were formed. 
Widely spre.ad s])ecies, on the other-* htuid, wliich are difficult of 
transport are probably the most ancient. 

In the comparison of successive geological formations, it 
appears that the earliest plants were cliiefly species of simple 
organization and few in numb<‘r — and that by degrees more highly 
orgaurzed plants were added and replaced many of the earlier ones, 
which jierished. In existing vegetation the simjdor kinds seem 
to be the most ancient, and those of more complex structure 
more recent, judging from the wider diffusion of the former than 
the latter. 

Ligneous plants established themselves in northern and temperate 
coimtries at an epoch w hen the climate must have been more humid and 
more cloudy than at present. At the present time, regions in the South 
of Eiirope/North Africa, the Canaries, the Southern United States, and 
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()n(*f! cl(‘,avt‘fl niul oAptwtl to tlu* influoneo of tlie sun, do not 
])tTuiu(' flollifd jigaiii ])y t'ori^'K .-noli ns lliey p(w.si*s.s(Ml formrrly. Coni- 
iiiid AiiK'iilaooons ulnnl.-, wliich roriu tlie rliief ooii.stilu<*nts of foro.sts 
iji rc‘,u<)ns, nr(^ l^liiiii<*rofr.'iin.s of low orfrnmzation. 'I’hoir prohiiLlo 
jiiitiqiiily, from tli«*ir occiirnmco in ma.ssos in oortniii countrii*.'*, 

ooiitinu'i liu* A u*w tliiil s^wcios ani of aiiliquity, and lliut 

tli(’ older .* pofi«*s are <d‘ l«)W(‘r tyjK*. 

Tho faels of oxisliiii^ Cohinical Geography are in general clear 
and eoiieordanl, if \\r sinipost*. that tin* most ane’uMit s])cei(‘3 of 
Plianerogam.s comprise I lie jiiajorily of planl.s citlier aqnalic or 
ioNing inoislnre, lh(Mi majiy iiorlluTii and aljune ])!ants and mo.st 
of llie tit'cs of our leji)p(;rale regions. AV(‘ may suppose at tin* 
same lime that the mosi ri'cent spi‘cie.s occur principally among 
th(» plants of warm regions, among the Dicolyhidons witli an 
inierior oAary and a gain oped alou.s corolla (sncli as C’omposila*, 
J)i|).sac(‘ie, Camiianulacea', Ac.) and among llu* otlii*r iMianerogftin.s 
Avilh slrnetun* compli<‘aled in other respects (.such as Orehidacine, 
I*almace;e, .V])oeyiiacea\ Ascli‘piadae(‘a;, (’ucurbilaceic, Passilloraceaq 
H(*goiiiaC(‘a', Ac.). 

('J'lie eoiisidenilioM.s slati d in tins Siiciion are d.'rivod, AA’ilh slight modi- 
Hcjilions. fi’oiu till* ‘ ( Jeugr.ipliic llolaniipie ^ of Alpl). He (\indoJlc, a most 
important giMicral wnrK <<n ihi- .-idijpcl, Avliich .-lioidd hi^ .siiidi»Ml by all 
ihofo nnIih are iiilere.'ttil in tln'^e (piesliiae. I yell's ‘Principles of 
dcolog^’,' A'til. ii. Jioolv iii., and DarANin'.s ‘ Oiigin ol' Sjuades* .should alsu 
he eoii^nlted, and h»r a brief .summary -Mr. Jtdver’s ‘ l^llcnKmtarv Le.ssons 
on liolaiiical ( Je(‘giji])liy.’) 


(MIAPTKR II. 

r.f)TAMPAL (.iKOGll.VPIlY. 

Sect. 1. lIlSTKlIUTION or PfAXTS TX CniMATAL ZoXES IJETWEEN 
Tin: Kqlatou and tue Poises. 

Th(‘ description of tho actual etmditions of vegetation on the 
surface of the globe is a subject tMiibracing a vast amount of facts, 
which an* not only capalih* of being considereil under many dif- 
f('n*nt points of vimv, but in many rps])eots offer at present only 
i'rngiVtentary materials for establi.'-hing jirinciples. In tho present 
worlv, where only a limitt'd space can bo allotted to this depart- 
moiit, it. is necessary to coniine ourselves to a few of the principal 
generalizations, calculated to ghc an insight into the characters of 
t he study, but confessedly very imperfect as repn'sciitations of the 
natural phenomena with wliicli it dt*als. 



DlSTliUlLTION OF PLANTS IN ZONES. 0C»S» 

Climatal Zones. — In l be preceding Clia|)t(»r wo ba\e sccmi that 
climate has a most important innnence upon vi‘p;etalion ; and pro- 
ceediiij' on this j^roiind, it is possil)lo to (Ii\i(le the suri'acc into 
climatal zones, \\ithin which a certain average character oF vegeta- 
tion exists. But mere t(‘mpeniiure is ])iit one ol! the iiilluences ; 
audit is iw idciit that many diverse conditions mnst. (*\ist withiu 
sncli clinjatal zones, depeiuhnit upon th(i ot!n*r intlnences above 
referred to. Jlenc(‘, although tin* gtMieral views alTordiul by mark- 
ing out climatal regions are useful to the beginner, it is necessary 
to b(*ar in mind that ttn'y are essfmtially siijH'rlieial. In INItwaMTs 
subdivision oF the glol)e, the zones wtTO deliiuHl by ])arali(‘ls of 
latitude; but the distribution of tein])eratnre, the chieF agent hen' 
regardi'd, is so irrelalivii to the j)arallels, especially in th(‘ northern 
hemisphere, that we lia\o modilied them by isot/n'mial lines ol>- 
lained From Dove's maps. Tlu' isotherms scdected art* mostly 
aiii^ial tt‘m|ieratiires ; but in defining tins Art'tie regions it has 
ap|)eared mon* natural to take the line indicating an equal tem- 
pt^ratun* in tlie mouths of September and tinly. 

in the Following summary the names oF Meyen's zones an* 
retained; the peculiar limitation by isothermal liiu's is iudit'Siit'd 
For each zone. 

1. Th* Equatorial Zonr . — This zone, as limited hy ih, c(»mpreh(*Tid.s hut 
11 comparali\cly sniidl range in tin* !New Wiulil, and is mn.st devi‘l()]H*(l in 
the Old, esprcially in Africa. On consulting an i^otlit'nnal miip, it will 
he observed also that llitj larger portion of it lit*s t>ii tin* north side of tin* 
etpialor, since tin* preponderance of hind in tin* norlhcrn la‘mi.'-])her(* 
tUiilects lilt* isotlicrnial lines in (his direction. Tin* hoiiiidarioM an* tin*, 
annual is(»tla‘rnis of F. (liO^ (.\) on oach side of tin* «*(juator; hiil it 

inav he noth-tjd that in Africa, ns weil ns in llindo'^tan and in the Indian 
archipelago, there exist Ixdwa'en tli(*.se lines circiiiuscribed regions in 
wdiich the annual isotherms rise to HP o F. {21^ C.). 

The characteristics of lliis zone are luarkt'd hy the *»xtr(‘ine liixuriaiu^e 
of vegetation, from the great heat, togt‘ther with the ahundiinl moisliire. 
The trunks of the trei*s attain enorinou.s diameter; the tluwrrs have iii().‘jt 
brilliant colours; and nut only is the earth clothe.d most profusely with 
miniherless forms of plants, hut the trees aro oviTgrown hy Orcliids, 
Aroids, Bvomeliacea), and Ferns, and matted tog(‘tl)er hy Liauvny or 
gigantic rope-like w’oudy climbers; so that the prima:ml formts present 
such a dense mass of vegetation as to he almost impenetrable, even to 
the explonir who advances uxo in hand. The Palms, the Thnana trihti 
(Musneeje), arhorescent Grasses, PandanuSy Scitamineffi, and Orchidem 
are very striking features ; the Fig-tro(*s of most varied lands, the Silk- 
(Jotton-tre(*s (Bombaci'a^) also abound both in the Old and New Worlds ; 
the Cresalpinifp, Mfdpigliiacete, Anacardianoa*, Swicteniro, Anonein, JJor- 
tliollcliae, and Ijccythidem especially mark the for(*sts of America ; the 
Sapindimese, Artocarpi, Sterculiacefp, Ebenacem, Meliacen?, Laurinete, 
&c. those of the Old World. In this zone also, in the Indian archipe- 
lago, occurs the most remarkable of tbe Khizanths, the gigantic parasite 
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Itafflcma^ with its flowers 3 foot in dianjoter ; while in America this is 
almost rivalled hy the Victoria Water-lily, and the Aristolochiiis with 
tlieir enormous holmet-liko flowers — ^said, indeed, to be worn in sport as 
caps by tlie Indian boys. 

llich ns the vo^etatiou of this zone is in general, wo find within the 
limits some of the poorest tracts upon the globe — iiairioly, whore water is 
wanting. The African desm-t and a ])ortion of Arabia are the most striking 
examples ; but the llanos of Venezuela are scarcely hiss parched and life- 
less during the dry season, and in the rainy season present only grassy 
plains like the sbippes of (Central Asia. The poverty of lliese tracts is 
accounted for hy their peculiar position, cutting them oil’ from the in- 
fluence of moist currents of air, their natural waterless condition being 
of course dependent on the geological changes which gave tlnmi their 
present . confign ration. 

2. The Tropical Zo7ies. — These extend, in the uortli and south lunni- 
spheres, from the houndaries of the equatorial zone, at the isotherms of 

K (2(>° to the isotherms of 72^*5 F. (22'^ Ih). Taken altogethm*, 
the cliaraeteristu!s of these zones, as might be ex piloted, are ehisely fclliecl 
to those of the preceding. Jlit> de Janeiro and (.'anton are cited hy .Meyen 
as instances of this rtvstniihlance ; IVlms, Haiianas, (Jannaceie, Meliaee.'e, 
Anonaeejo, and Sapindacem prevail (in humid district.^) liere, and Orchid.-, 
l*utlu)s-likt> plants, and JAaars ahound. The ^rree-Fenis, the IVpper- 
plants, Mcdastomaceie, iind Oonvolviilacefc, liowf‘vej*, bceoiiu* more, pro- 
minent hero, and serve as distiiiclive characters ; an<l it is stated that, in 
thes(^ zoiu's, the forests exhibit fewer parusit(*s and more underwoiMl. 
That portion of the western coast of South Animica hing within the 
south tro]ncal zone forms an exception t«> the general ride of luxuriance 
of v(‘g(*talion, as does tin* inland tract of Africa burdi'ring on the equa- 
torial zone. 

The Sahfrupiral Znnea. — These rih' houud(‘<l on the equatorial side by 
the annual isolherm of 72'^*v> F, (22'^ and towards the poles by the 
isotherms of (i8“ F. (20"(^). The eountiies lying within these' enjoy the 
moat d'dighlful climates on the ghihe. Though the summer heat TU'xer 
rises to the intt'iise heat of the* torrid zone, it siiflices to ripen most of the 
tropical fruits; wdiiL^ the winters art* so mild that vegetation is never 
arrested. Falius and Ihmanaa ar<j still met with in the plains, and 
arboreseent (.trasses form a teature «)f tlie hinds(‘a})e, both in America 
and Asia ; but the most striking character of these regions is formed 
by the abundance of forest-trees having broad, leathery, and sliining 
leaves, such ns tin- ^Ingnolias and the Lauracem, and also of the jilants 
of the ]Myrtle trihr. Froteucejv, Acacias, and Heaths attain their 
maximum dovelopmeiil. 

4. The Warmer Temperate Zones , — ICqimtorial boundaries, the annual 
isotbemis of (38° F. (20° C.) ; polar boundaries, the isotherms of 64° *5 F. 
(say 12° C.). The general characteristics of these zones arise from the 
combination of the shining, h*alhery-leaved trees of the subtropical zones 
with the forcst-tiees which we And in our own coiintiT, sucii as Oaks, 
Beeches, &c. ; the Palms vanish ; but a number of hancfsonie everp’oeu 
shrubs present themselves, and Heaths, Cisti, and showy Leguminous 
plants ore very abundant. The countries lying within these zones in 
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dirterent parts of thu globe differ a good deal in their vegetation, and 
we may tlierefore enter into rather nnne detail licre. 

In the Meditormnean region cverp-eeu dicotyledonous trees with glossy 
leaves, showy shrubs, and many bright-eolniircd bulbous plants abound; 
Erica arborea, the Jhiy, and the Myrtle are eliurni’t eristic ; the Turlcoy, 
Holm, and Cork Oaks, the (^hoatmit, the Strawberry-tree, with tfio 
Cherry-Laurel, Tiaurustimis, and Poniegi’anato are frequent, us are also 
the l*hillyr(*rc, Tloseiuary, Oleander, &c. 

The Vino is a native of this /one, and is said to attain a diameter of 
it to fi inches, and to climb to the top of the highest trees in the forests 
of Mingrelia and Tmeritia. The barren tableland of Asia falls in ihia 
zone, as does Japan, which has a rii*h vegetation. In America an* found 
abundance of Oaks and Pines, Magnoliacea) (such as the 'J’ulip-trei'), a 
number of r-i(*guminous trees, w'itli thorny Smi lax-shrubs and gigantic 
Heeds; the (Tlcditschiaj on tlio banks of tlio Ohio are overgiven, with 
climbing llignoni;e ; evergi*t;cn trees here correspond to those of SoiilhiTii 
Europe, intermingled in the forests with Oaks, Hooches, Asli, and IHa- 
tanug ncvitlcHfaliK. 

In the soullK'rn hi'misphero this zone includes part of New Zealand and 
Australia, where, again, evergreen trees uri‘ iiileriui\(‘d with f«)rest-tn‘es 
with deciduous leaves; shrubby Perns abound, and the Legumi iiosm and 
MjTtacese are w'ell re}>re,sented. 

ill South America, the Pampas-plains of Huenos Ayres fall in this zone, 
espci'ialh" cluiractevized by arborescent ( rmsses. Soutliern ( !hili rejiresents 
the warm temperate vcgelatiou with its evergreen Jbnvsts of iMyrtaceie, 
Jleeches, and Araucarias; the l^'uchsiais also clmract<*ristic of this region. 
The Chilian Palm, like the dwarf Palm of Southern hau-opci ami the 
Palmetto of North .\nieric«, forms an outlier fnuu the subtropical region, 

fi. The Cooler Temperate. /Aum.— I’kpmtorial br)um]aries, tJie annual 
isotherms of 54 ’*5 E. (12° (3.); pohu lioiiiidaries, the isolherius of 41” K. 
(5° (3.). The especial characteristicsof t lie.se zf)mjs are tlui fi»ri‘sts of deci- 
duous trees with incou.spicu<»u.sblos.softis, interiuiDgled willi social ( ’oiiifers, 
together with tlic^ Grass-pasturc*8. Here tlio trunks of the trees are over- 
grown only with Mo.s.ses and TJehens; tlie Honeysuckle, tlio Ivy, and the 
Hop are tlio only important climbers, very difterent from the 7wV«/csof the 
tropics. Shrubs are pretty fi-equmit, but they mostl}'^ lose their lca\es in 
winter, such as Hoses, IJrambles, Vibuma, &c, Tlu; social Dwaif-grassos 
on good soil, with the Sedges, (yotto]i-grasst*.s, and Moss(\s of wet ground, 
characterize the plains, and extcnsiyi' Heaths prevail in some districts. 
The contrast betwemi summer and wdiiter is strongly marked in tlie aspect 
of vegetable life: the tre(|s are stripped of their leaves, the lier})s di(< 
down to dwarf tufts, or bide themselves altogether in the gn)uiid, and 
the snow covers the suiface of the plains in v/eather; hut tlm 

warmth of summer, wliich brings out a lively and varied show of (lowers, 
is sufficiently high to ripen the seeds of many, and thus annuals are more 
numerous than they are furtlu^r north. 

This zone is not represtmted in Africa or in the South Sea. lu South 
America it includes Patagonia. 

0. The Subarctic Zone . — Equatorial boundary, the annual isothermal 
line of 41° E. (5° C.) ; polar boundary, the isotherm of E. (2° C.) 
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for thti mniitli of Septem'bor. Tlio snutliom boundary of this zone in th(j 
noillioni h(!Uiisy»lieiv corresuonds pretty nearly to tlio limit of distribution 
of tlie Oak ill Muropo and the (‘ast coast of North America, the northern 
boundary to the. limit of 1 lie distribution of tree's. 

TJie Rlrikin^^ (•haracteristic of this zone is, ijideed, the predominnneo of 
tJie Coniferous trees in the woods, jrixinpr ]>laee nortliwards to the iJircli 
and Alder, and ^renerally alternatinjr with Willows wliero the soil is 
moist. (Ircen pastures oeeur universally, especially adorned willi showy 
lloAverino’ herbs in tlui spriny,^ and summer. 

* 

7. Thp Arrfir Znnr. — The equatorial hoiindai^, is the isotherm of .W-^'5 
F. (2°0.) for the montli of Se]>tem])er, or the yailar limit of arborescent 
xojretation in thenorllu'rn liemisphere; the polar bon ml arv is the isotherm 
of 41^ F. ( C. ) for tlie inonl h of .July. The vejretation of this zone coire- 
sponds to what we nndersland commonly as Al])in(‘ shrubs, eonsistiii|r 
cniiilly of prosirate slinibs, with a pc'Ciiliar tortuous and compact luihit of 
;rro\\ ill, such as the alpine IMuxlodi'mlra, Audromedie, the dwarf IJirch and 
Alder, the JJoy-Myrile and dwarf AVillow, willi a variety of low-.rrq,win;r 
yjeivnnial iierhs, remarkalile for (he comparathely lar^e size and bright 
colour of tlioir llo\\er‘>. Sedgt's and (kill on -{grasses occur socially, in 
some place's covering exlensi^e tracts; hut the grassv pastures of the last 
zones are replac'd to a great eMe.nt by tracts eoverial with Liclnms. 

H. 7V?c Polar Zonr. — J'Vpiatorial houndarv, tin* isotherm of 4F F. ('o° ft.) 
for the month of .Inly ; ]»olar limit, the isotbi'mi of F. ) for the 

saim^ month. This zoiu' is rhnracteri/.i'd by presi'uting, in tin* four to six 
weeks of .snnuner, an alpiiK* vegetation de\oid of (‘ven shrubs, and con- 
sisting of lu'rliaceous perennials of dwarf habit, such as Saxifrages, Ita- 
nuncnli, IVrtila^, l^otentilln', I)ryas, Draha, i^te., and possi'ssing, moreover, 
certain genera (such as Piirnja^ ]*hliipsi(if ari<l others) which, nlthough 
they extend into (he Arctic zone, are not nn't wilh in the al])ine regions of 
the mountains of the iiiori* soutln'rn ri'irions. In S])i(zbergen, thi' number 
of Orvptogamic plants is renmrkalih*, tin* Lichens alone equalling tin' 
Flowering plants, and preilominating e\on in mass as well as number of 
speeit'hL 


Sect. 2. IIeotons op Aj.titudi:. 

It is Avidl hnowi) that the lofty mountains lying within the 
tropi(‘s oxhilut. a graduated varialion of character in their vegeta- 
tion, and that those whicli rise above the limit of eternal snow 
display more or less distinctly marked regions, rc])roRenting the 
zones lying betw een the plains at the foot of such mountains and 
the**etenial ice of the ])olar zone. 

Tlumboldt divided tluj surface of tropical mountains into three 
zones, representing the tropical, temperate, and frigid zones of the 
glolx\ and indicated the principal subdivisions of these regions. 
Meyen attempted to lay down a more systematic representation of 
the conditions in question, corresponding to his division of the 
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oarlli’s surface into zones. Groat cliflRculty interposes here in any 
attempt at fToneralizatioii, .since local conditions, arising? from aspect, 
and conformation oL‘ surface, either giving more or less of pivci- 
pitous character, ac(!Oirjpauied by siukhm cliangt's, or producing 
(devated plains, ttc., cans(i such great difftirt*nct*s, even within the 
limits of single monnlain-sy stems, that no absolute rule can bo ap- 
plied. The rules laid down by Me\’^en apply pretty well to his 
zones w’ithin the limits of b'lirope; but, in the delineation of the 
regions of altitude of g^jpater extent, great variation presents itself 
near the equat or. 

The Snow-llnc. — According to Moycii’s views, the snow'-liue, beginning 
at the polar zoik*, risc.^ hetweeii 1000 and 2000 feet above the level of tlio 
sea, and in the; e([natorial zotu‘ to J5,o00 or lli,i'»00 feet ; and ho divides 
tin* regions of nltilnde in iicctirdanoo with this, raising each region between 
1000 and 200(^ feel in each zone, as he approaches tlie equator. Now at 
Nj)rtl^(’ape, uliich lies near tlie ])olar limit of our subarctic zone, and in 
Iceland, wliicli is cros.sed hy tin* same limit, tin* line of p(‘rpetiial snow is 
at ah(uit 2000 fetil; we may thc*refore lake this as the siiow'-liiie of the 
arafiv zone. Tlio equatorial limit of tin* subarctic zojie falls in Houllioni 
Norway, where tin* .snow-line is at alnmt -ItHH) feet; wliile the equatorial 
limit of our cold temperate zorn* i.s not far removed from tin* Alps and 
I’yrenoes, where tin* .snow-line ris(*s to HOOOfeel and more. In the south 
of Spain, lyiiig within the warm temperate n*gion, snow’ lies in isolated 
patches hi'low 11,000 feet.^ In the district of Sierra Nevada, which is one 
of the be.st-known of tin* mountains of this zone, as rt'gards vegetation, 
lliere is a .suhtro]iical region ii]) to OtK) feel, the true warm temperate 
\egetation extends u]) to about KKK) f(‘rt, a cold teiupf‘nite vegetation 
fr(Mn ahoiit UK)0 to OoOO ; the vegetation then |'asM*s into a condition 
allied to tlic subarctic, but witlniut tre<*s, and characterized by shrubs of 
ji similar imtuve to those <if tin* arctic zone, '^rhis region extends to HU(X) 
feet; and tlieiico to the summits (d* ll^X^O fe^t theif! is an alpine summer 
vegetation (snow’ lying for (*iglit months out of the twelve), which, again, 
is intermediate in character bel\vei*n those of the arctic aial polar, con- 
sisting chieily of perennial herbs lik(* the latter, hut- preMuiting a formation 
of turfy pasture to some extent in tin* warm season. In the Caucasus 
the snow-line, i.s much higher. 

In th(* .subtropical zone, on the lN*ak of Teiierille, we find the \egeta- 
tion of the warm temperate zone from about 2CK)0 to 4(KK) feet, a repre- 
sentation of llie cold t(*mpeniturc from .‘MXK) to over (KKK) feet; at ab<uit 
H0(K) feet the climate is subarctic. Thi.s mountain <1 (k.' 8 ni>t reach the 
snow-line. 

In M(‘xi(;f), lying in our troj)ical zone, tlie lines are rc'spectively shifted 
up in about the siiine ratio. W'e see throughout, then, a deviation from 
M oven’s ratio, in the tendency of the colder zones to widen out on the 
moiiutains of wanner zones ; but this i.s partly owing to our dividing the 
zonc.s according to temperature, and not acc(;rding to latitude. 

If we attempt to lav down the conditions of the mountains of Asia 
under a similar point of view, w’c find greater deviations. The mass of 
elevated laud in Central Asia modifies all the climatal conditions veiy 
much. The snow-lines of the mountains of the cold-temperate and warm- 
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lemprviilfi zonps rise to 14,(KX)feot; that of tho Ifimnlayas to 18, (KX) foot 
in Iho northom parts. Our dalii >c«r<*oly siiflico for the illustration of 
llu’sc inodifiod conditions, and llioroforo we have conliiu'd ourselves to a 
limit (‘d luuuher of the ho^t-explored iiiountain-rep,doiia of the Old and Now 
Worlds. 

AVo now jrive a brief sketch of the characteristics of the, different 
I'ojfioiis of altitiide, as clas.'^ilied by iMeyeri. 

1. Jlof/ion of tniff (^orrt'spoTidiufr to the equatorial 

zone, aiul alrc‘ndy <-haracterized inulor that head, ]). (‘•(it). 

2. Jief/toM of 'IWe-Fents and ////.v. — (VuTes^iondiurr tf) tlu^ tropical zone, 
p. t»70. ' The'p*niis Fivm is ino.sl prevalent iii tl>«‘ elevated fortsts of the 
equatorial zone of the l*]ast Iiidii-s, «jfi\iu'r tli<MU a remarkabk* clmracter 
of fiflooiny jrraiideur and inip'i xioiis density. 

Jivfjion of Laurvh ami Mtfrtlvs.-- Corr(“'pondinj^ to the suhtri>pical 
zone, p. tiro. 

4. Ilcijion of Evvrtfrcm Tircn . — Corresponding to the y arni-teniperale 
zone, p. (i70. 

/5. iit ifion of Drnditoits Trv('<. — Corri‘spondin;r to llu' cold te^'jperato 
/.(Uie, p. ti7I ; hut Ihisre^iion sefuns to b' ahsent tVniu the moiiutnins in 
many parts of the tropical and equatorial zoiie-^, -ince the lii-e-liniit is 
carried down by ])eeuliaiif i«'s of eliinate. \\hieh, on lh(‘ other hand, faAonr 
1 Im‘ ad\ance of'nuu'e soutln ru forms into tie* uj>per n^nons. In Javaund 
Siiiiuitia, stunted trees of the class lulonoiiiji- here rt'plaet* the duarf 
thmifersof Kuropean mount uins, and fonu the tree-limit far below tlie 
altitude at Avhieh forests of fall (Amifers m-cur in the more nortlu*rn 
Himalayas, — a condition evplaiiied in some by tbe local circimi- 

stai»ces of tin* equatorial luoiiutains, which me delicieiit in the supplies of 
umistuiH' furnished by the Mist masses of snow resting- p.rpi.tually ujum 
tbe Iliinulayas. 

0. Ihujion of C<>ru/cr.'».“— (’orrespondinjr to tbe siibarclie zone, p. (i71. 
This zone, cluiriwterized !>> the »routh of Ihia s and Kirs, is Avell repre- 
sented on most mountains, ^^ith tliei‘\ceptiim of the l*eruvian Cordilleras, 
where the F.scnlloniea* are said to be subsf it ufinl fm* them, lint the (.’onifers 
do not always form the iqqjernioat Ixdt of trc'es, even Avhen thf'y llourisli in 
a well-delined re^fioii. 'J’hus the ri'^ion of the Conifers, in a e-eneral 
sense, which n'aelies to the tree-limit Avith Pines in the Alps, Pyrenees, 
and the Andes of Mexico, includes, in the Scaiidiiuman mountains, in the 
Himalayas, and the Caucasus, a reprion of Pirches, Avhich rise out of it to 
form tlm last representatives of arbon'al vegetation. 

7. Jivpion of Atpinv JS/trnhs or of iKhitdodvmlrn . — This reprion corre- 
sponds to the Arctic zone, ]).(>72. In llieIIiuialuyHS,dA\arf WilloAvs, Juni- 
pers, and spi'cies of Uibvsov Current seem to represent the Acprelation of this 
region; W'liile on tlu* Andes of Quito the genus /yc/J/rm appears to cor- 
respond in its geogi Mphicfll development to the liluulodeiidra of the north. 
#. H, lieffion of Aljnnr Ilrrhs. — C(>rre.s ponding to the polar zone, p. 07:?, 
usually pii*sentiug only patches of vegetation ."eattered oa it a broken surface 
of ground, covered during the greater part of the year AAdtli snow, and ex- 
hibiting acrAimulations in all seasons in sludUTed spots. Jjichens abound 
hero; Lecidea peopraphica has been found in most diverse localities where 
bare rock rises above the ground, forming generally the last trace of veg^*- 
tation. The plants of this region are ivmarkable in many respects, in 
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iiono morn than the beauty and comparatively larpfo size that usually oha- 
raeterize their flowers. They are mostly of pert'iinial frrowth, since, 
allhoii^h the si'vere cold ])revailin" throughout the gn'ater part of tlu» 
year is iiiilavourahle to tlii' maturation and preservation of s(‘i‘ds, tht‘ 
thick covering of snow prot<;cts established plants from tin* w*v('re frost; 
and it is known that tlit'V am arrested in warmer regions where wintt^r 
frosts prevail without, great accumulations of snow, j)reci.si*ly because 
tlu*y are th(‘n incapable t>f bearing the cold, to which they are diri'ctly 
exposed. , 

The great dascrepancies e\i.>ting bi‘t\veen mountains occurring in the 
same zone indicate that local circumstances must have most po\>erful in- 
lluenci' in determining the altitudi*"* altaiiu'd by the various classes of 
veg(‘tation. AVe are not in a ])osition ti> give the real temperatun‘s of 
regions of altitudi* with any accuracy in most cases, or these would ])ro- 
hahly greatly assist in ascertuinic.g the direct causes of aberration; for 
dilfereiices of teiin)t‘r.nure certainK accompany tlit‘. differencci of elevation 
attaifled by particular forms of plants. (lood examples of the intlueiice 
of the form and local conditions of mountains are furnislied bv 1\'neriifc, 
Ararat, the Himalayas, ami the, Ivocky Mountains of Nortfi America. 
The tirsl is an isolated mtuintain, exposed to tlie, i*qiializing* infimmce of 
the ocean; the second an isolated mountain situated in the, interior of a 
continent; the two chains are ])ortioiis of enormous systems of mountains 
e\lemling over large regions in the interior of continents. To work out 
this subject thoroughly, however, it is necessary to observe not only tlje 
conditions of dilli'reiit mountains, but those of the dilfcrtMit declivities of 
the same mountain; since', when great tdevatioiis are attained, chains of 
mountains form the boundaries of loctil climates, and present dilh'ieni 
conditions on the two facevs. 


Sect. 3. Division of the OitliRE into Rk(!Ions iiavin<j 
Chau acteuistic V kgetat ion. 

^riic* charjictor of the vegetation of dill’iTerit regions is infliu'iiced 
not merely by climate, but; by the more remol.e causes referred to 
in the last Chapter, which have led to the distribution of plants 
over Diore or less exlensive areas, and their restrict ion within 
narrow limits in other cases; furtlier, by the habit of plants, as 
by a social mode of growth, by size, &c. 

Many attem])ts have b(‘eu inafle to divide the earth's surface 
into Botanical Begion.s, according to their characteristic vegetation. 

of thes(i can be regarded as satisfactory ; but ])erhaps the 
generalizations of Sehouw and Grrisebaeli are, on the whohs, tho-so 
which suggest most to the .student. We therefore introduce here 
a brief account of the region.s into which tho.se authors divide the 
globe. 

riufto-tieoffraphic lifffioiis . — The regions established by Seliouw 
are founded on the following principles . — 

2x 2 
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1. At least one half of the known speeies of plants of the tract 
consiituiinp; a botanical rogiGn are peculiar to it. 

2. A fourth part of the genera of tlu* region are either peculiar 
to it-, or have so decided a inaxinium that they are comparatively 
^a^^^ in other regions. 

Jl. The individual Orders of plants are either peculiar to the 
region or have a decid('d maximum there. 

Grisebach's regions in many respects correspond wijh those of 
Sehouvv; each of them is further divided ,Mito zones according to 
altitude above the 8ea-lt‘V(‘l up to the line' of ptM'petiial snow. The 
limits of each region art' fixed by mountain barrit'rs, the ])resence of 
seas, and otlier impediments physical and climatic, and therefore 
varying in particular instances. 


1. llotjiitn uf Monai'n and Sarifragea (Arctic- A Ipinti^ or « 

7 7 "ah ten hertfs lie y ion ) . 

Mean femperahtre. — Polnr regions, 2^-4 Fidir. ( — 17"'* to 0.). 

MtJimtaiiis in the stmlh, Ffihr. ( — (>" (’. U) —.‘V’ (\). 

This coiT( ‘spends to (.Irisclmcirs Arctic ri'gion, and includes tlioso 
regions which lie beyond the limits of forest vegetation. The period of 
VL'gctali<in only lusts a few w<;eks. 

Character, — Characteristic and predominant ycncra — Rnminculus, Ara- 
his, Draba, A romiria. Dry ns, Potent ilia, Saxifniga, Khodoclendron, Azalea, 
Gcntiaiia, Pcdicularis, Halix, Alnsci, Jjciien(\s. Of the polar countries 
especially — (-opt is, J^utrema, J*urrya,l)iu|M*n.sin, AndronuMln, Lc'diim. Of 
till' niountain regions — Oherleria, (^ampiinula, Pliyloinna, Primula, A retiu, 
Soldnnella. Dwarf perennial herbs with comparatively large flowers of 
bright colours. Annuals and tree?* absent. 

Predominant shrubs arid half-shrubs of the polar countries. — Betiila nann, 
Salix herbaceaaiid other species, llubus (^hamieniorus, lOnipetruni nigrum, 
Andromeda hyniioides, A. tetrugona. Arbutus iilpinn, A. IJva ursi. Azalea 
proenmbens, Uliododendroii Inpponicuui, Alenziesia cieridea. 

IWdominant. shrubs and half -shrubs of t he motmfains. — Junipcnis nana, 
Alnus viridis, Salix reticulata, S. herliaccn, Tlhododciidron femigineum, 
II. hirsutum, U. caucasicum, A'acciniuili Alyrtillus, V. uliginosuui, Azalea 
prociimbens, Arbutus alnina, A. XT\a ursi, Empotriim nigruiri. 

Plants rrhich afiproarh cenf closely to the snow-line. — RanuDCiilus gla- 
cinlis, Saxifraga onpositi folia, Silene ucaulis ; in tlio polar countries espe- 
cially, Agrostis algida, llnuuuciilus hyperboreus, II. nivalis, Saxifraga 
rivularis, S. cernun, S. nivalis, l^apaver midicaule, Draba alpina, Jjjchnis 
a|}etala, Diapensia lanponica. In the mountain-regions, Saxifraga mus- 
Cuides, S. biyoides, (morleria sedoides, Aretia hclvetica, A. alpina, Draba 
nivalis, Petrocallis pyronaiea, Ambis bellidifolia, Alyosotis nana, Gentiana 
nivalis, Achillea nana, Linaria alpina. No cultivation in this region. 

The flora, os a whole, as tabulated by Hooker, is decidedly Scandinavian. 
Some of its members arc universally diffused throughout the globe, even 
in the tropics (on mountains) ; hence the Scandinavian flora is considered 
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to be the oldest existing flora. The most north eni position in which 
tlowerinp: plants have yet been found is in Smith’s Sound, in lat. 8:i° N., 
where Dr. liessels found Draha alpina^ (Vrastittni alpinum^ Taraxacum 
dem and l*uaJlf*XHom. ('fho principal aiitliority on the subject of 

the Arctiii h^lora in its «rf‘ 0 ^rap}iical aspect is Hooker, wliose paper “ On 
the Distribution of Arctic l*laut8 ” is included in the Jamuoau Transac- 
tions, \ol. xxiii.j 


2. liffpori of Umhcllifirfr {Norflt-KurojM'mi and Norths Asiatic ^ or 
• Linnccus s lictjion). 

Mean tcmperafnrcf Falir. ( — 2° to —8' C.). 

This convsponds to Hris^ljach’s Muropmo-Siberian Forest re^on, and 
is characterized by uniroriu temperature and absence of a dry stMisoii. 
The Atlantic coast is mibler than the inland eontiuentnl r«'»,dons. Grise- 
baeh establishes 7 zones of altitude : — 1. Thci zone of the Sweet (Ihestnut, 
Castmwa rvsvnx 2. The zone of Phius picca (Germany); li. The zone of 
the 'rurkey (hik, (picrcus (% rris (Jluiifrary) ; 4. The central Itiissian 
f irest zone (Oaks); o. The northern zone of Conifers ( Larclies, Fines, 
Fiivs, with Uireli) ; tl. The zone of Qturvm inonfjolim\ and 7. The zone 
of lietula JBnnanm, 

General Character. — D mhellifern-', Cniciferje, Coniferje, Amentacea*, 
Grnmiriuce.T, Carices, h’uii\ri» Cichoracejn, Cynarefe ; in Asia, more par- 
ticularly, saline plants (such as Salsohi and Salieornia) and Astraj^alea!. 
Tnixuriant pasture's : forest tnios with deciduous leaves ; a few Heaths. 

Vredominant trees and shrubs . — Finns sylvestris, cembra, J*. sibirica, 
Abies ex(?elsn, A. pecliriata, Ijurix europ;ea, Juiiiperus Cfnnmunis, Detula 
alba, Alnus frlutinosa, A. iiicana, Faf^us sylvatica, QuoreiH pedunculata, 
(). sesailiflora, (hirpinus HetuliLs, Castanoa vesca, Salices, IN'»])iilus trcuuula, 
Corylus Avellana, Ulnms campestris, Calliina vuli^aris, Ihnniis spiiiosa, 
Fvrus Aucuparia, Acer Fseudo-platafm.s, A. plataiioides, A. campestre. 
Til in platyphylla, T. niicropliylla. 

Cultivated plants. — Cereals: Fye, Barley, Oats, Wheat, Spelt, Maize, 
Millet (Fanicum miliaceuni). Buckwheat, Fotato. Barley e.\tendH furthest 
to the north, followed soul h ward by Bye, Oats, and AVheat. 

Fruits. — Apple, Fear, Quince, Cherries, Fliims, Apricot, Feach, Mul- 
berry, Walnut, Grape, Currant, Gooseberry, Strawberry, Melons. 

Esculent vegetables. — (Cabbage, Bape, Tuniip, Badish, Mustard, Peas, 
Beans, Lentils, Spinach, Beet, Cucumber, Gourd, Carrot. 

Fodder —Clovers, Vetches, Lucerne, Bv^^-prra'^s ; Thips, 

Flax, Jloiiip, Tobacco. (The publications of Ledebour, Jtejrri, and nume- 
rous other IbUBsian botanists should bo consulted as to this region.) 


2a. 7%c ftteppf' Eegum. 

This region, as laid down by Grisobach, extends from the Black Soa 
to the frontiers of China, and from Southern Siberia to the I Limalayas, 
thus including almost the whole of Central Asia. The cliniatal conditions 
are a severe winter, a short spring, a burning summer succeeded by winter. 
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'J'lic plants, then, native to it must be capable of pfrowinff in the short 
and, while at rest, be able to endure proloufred droiij?Iit and intense 
**xtrenu}s of toinporature. J UilboiiN plants, plants with still sniny brandies 
and snnill folia^re., or plants densely covered w'ith hairs, nnniind. Salt 
plains are abundant yieldinj? a ]ieciiliar vegetation, ineludinjr many Che- 
nopods, Hiidi as the 8nxal Anahasi.'i atunuHiendrun. (IJuinboldt s ^Asie 
(Njntrale ' should bo consulted on tliis region.) 

.‘ 5 . Jit‘ffion of ihe Ijahiaifr and Carpophtflloft* {Mcdifvrrai¥‘nnj or 
l)e (kindoHra lt^‘ffio^i),^, 

Mran irnqy raturr^ Fahr. 0.). 

This, the iMediterrauean region of Grisehardi, is eharactorizod dima- 
lieally liy very hot dry suiuniers and mild winters. Fhints grow in spring, 
rest in the hot dry seascni, and grow ttg“ain in autumn. Sdiouw includes 
the Atlantic islamls in this botanical region. 

fV/am /rr.— Lfihiata?, ( ’arvophylleje, lloragim'.'r, (^istinem, Tjiliaccje ; 
tin* Orders cited in the preceding region, hut mostly less prevalent, ^•spe- 
<ually the (‘ariees. Uepresentatives of tropical Orders-- Falinu', Titc*- 
hintfiaceie, Lauracere, -Ordi'rs which increase towards the equator be- 
coming more muiierouM; Loguiitinosic, Malvacere, Solanact'a*, Euphor- 
liinci'ie, Urticocea'. 

(fvnvru. — .Adonis, Trigonena.Triroliuni,Medi(‘ago, Genista, CylisnSjScn- 
hiosa, Aiitlieinis, Achillea, Verhuscum, NareisMis; many eNorgroeii trees 
and shrubs ; a greater number of woody plants than in iJie second region ; 
pasture less luMiriant; a winter flora eMsIing. 

JWdomhiant tnrs and shrttbs , — Kvergroen trees and sliruhs form a 
feature of the Horn. Finns Pinea, lA I’iiiasler, l\ linlepf'iisis, P. Laricio, 
(hqiressus semperv Irens, Jimiperiis phomicea, J. maenjccrpa, Quercus 
Gerris, (^. ]H‘diincuhita, (^. sessiliflorn, Q. Ilex, Q. Siilier, Q. yl^gilops, 
i). eoecil’era, (^. infeeloria, Gnslan*'a vesca, I'Jnlamis ori(‘ntaliH, Alnns 
eordil'oliii, ( \)rylus (,\)liirna, Ostrya vulgaris. Arm* iiionspessulaiiuin, A. 
neajiolilanmii, I’istaeiM Lentiseus, V. Terehintlius, Oeratonia siliqnn, 
Gereis silicpiastriim. Genista .seojMiri a, ^lespiliis ])yraeanllni, Ih’iinus laiiro- 
i'orasiis, 'ramari-v gallica, *^1'. ufricaiia, Alyrtus coimnunis, Piinica Grana- 
tinn, Oj)nnlia vulgaris, A'ihurmmi Tiiin.'=», Arbutus Gnedo, Erica arborea, 
E. scoparia, llliododendroii ponticum, It. maximuiii, (!isli, J’hyllyrea lati- 
folin, I*, augustifolia, Oriiiis eunipfoa, O. rotuiidit'olia, Neriiim OleandcT, 
Eosmarinus ollicinnlis, JCpliedra distadiya, Ghiiimcrops Jinniilis, Jtuscns 
aeiilentus, Smiljix nsperii, Taiuus coiiiiiiunis. (The highest parts of tlie 
mountains liore belong to the first region, tjm middle elevations to the 
second region.) IMauy ]ilnnts have been introduced and lieconie quasi 
naturalized; such as the Date-Palm, Ayare amerkamiy Opuntia^ Uuca- 
lyptitfi ylohulm^ &c. 

Gultiratcd phinfs. — The same as in the ])receding region ; hut the follow- 
ing are more rare, or only seini on the mountains — Eye, (hirrants, Goose- 
berry, Jhickwheat, and Hop ; while the following are ndd(‘d : — 

Cvrenh . — Eice, Millets (Sorghum vulgarc, lA nicum italicuni). 

Fruits. — iMgs, Almond, Pislneliia-imt, Lemon, (>itron, Sweet and Seville 
(Granges, I'rickly Fig (Opuntia), Water-Melon, Olive, the latter being 
characteristic. 
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Emilndft Sfo. — Melonj^ona, Tomato, Anise, Coriander, Cotton, White 
Mulberry, Sallron, Sumach, Lupins, Suinioin. 

Chm'actvr idle for im. — Semper vivuiii arboreum, S. canniiense, S. tor- 
tuosum, &c., Ilex I'erado, ( -acalia, Kloinia, Souehus IVutieosus, Arbutus 
eriHii-arpa, Anlisia excel>a, (Jer»)pe^da aphylla, Keliium ‘rijranteum, &c., 
Lam-jis tceleiis, Kuphorbia bidsamilora, JO. canariensis, Myrica Faya, 
r|nus canariensis. 


4. Retfion of Astrro^ Sttlidat/iues (Xorihrrn North- Amor ivuu^ or 
Michaud 's Ittu/iun). 

Mean fnuprrattorj lP-59° Fahr, (12 ‘-ln° C.). 

The northern part of this re«?ion corresponds to the J^uropfco-Sibeiian 
reurioii of ( Sri'sebach (p. (>77), tlie ( 'alifornian coivst reprnsents the Medi- 
terraiioHii region, wliilt; the ctiiitral]>rairiesarethe analojrui.'S of the Asiali«* 
slei)p#<. The AnnTican forest rejjiou has a lower teinperaturo than that 
«»f Europe. Now Vorlc lias about tlu; auiumer temperature of Home and 
the wiiiler temperature of ( -openha'piii. Thu Ignited Stjites Flora, necord- 
iiif,'' h) Cray ami Hooker, consists of three main elements, an eutlemic 
American, a hairopeaii, and an A.siatic; whihi that of (lie tempiTate Ohl 
\\ orld is, in a continental point of view, binary — Furopo and ,^ia havino* 
many t>pes in comiuon, but veiy few reproflentatives of the strictly Ame- 
rican llora. The distribution of North- American ]>laut.s, unlike the JOiiro- 
pean, ia nuiinly in a meridional direction, the dilVerenceof the lloras of tlio 
eastern, CeiiUal, and We<ern Stales bein;.^ wonderfully ^rreal. 'J'ho 
I’luropcan components ovlend o\er the whole breadth of the continent, 
diminishiii'r, how<‘\er, to the westward. The Ameri< iin components pre 
S'*nt many locjiliz*'d p-eiicra, inhabilinjj: the Fastern, (Central, and Westtun 
Stiitiis re.-specti\cly ; they increase in numbers ami peculiarity, as uUo in 
restriction of raiip^e, Iwwaids the wij<t. The Asiatic, components are 
found both in the l .a.sterii and We.sterii Stab's, but hardly at all in the 
Central ; and some of them are common to both the east and west, while 
otluu’.s lire ueeuliar to i-acli. Hut whmvas the I'luropean componenfs 
prevail on the .sid' toward.*^ lOiiiope, the maximum of Asiatic repn-.seii- 
lation is on tiiut remote from A.viji. Thi.s has been conspicuously shown 
by Cray's discovery, in the Ka-tern Stale.«, of .sinj^lo representatives of 
.Japanese genera previously supposed to be inonotypic ; and what is nio.-t 
noteworthy is, that sueh i ep]-e.>^'ntalive.s are in some cases extremely rai o 
local plantii, found iu single and very remricted areas, indicating a dying- 
out of the .'Vsiatic represent atu>n in America. 

Character. -~^OYo snecies of Coniferm and Amentaceto than in the; second 
region, but fewer rmbellifeiic, (Jiuciferai, CichoracciE, and Cyiiurejc. 

Hydra.'* tis, Sanguimiria, nu(i.''ioiiia, Ttelea, Hobinia, flynino- 
cladus, J^urshia, (Hllenia, Decmlon, Clhmthera, Clarkin, JiUdwigia, Har- 
Lonia, Oluytonia, lleuehera, Itea, Hanianielis, Mitchella, A.stcr, Solidugo, 
l/uitris, llndbeckia, Caillardia, \'acciriiiua, Aiulromedu, Kulmia, Subbatia, 
Houstoiiia, Hydrophylliini, Thlox, Monarda, Dodecalheon, idrea, Ilaiiiil- 
toiiia, T^ewisia, Trillium, M( deola. 

Predominuni trees and shrubs . — rinus Strobus, P. inops, P. rc.sino.^a, P. 
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Hanksiaiia, 1*. variabilia, l\ rijrida, P. s<‘rotina, 1\ puiigi^ns, Abies bal- 
saiiwia, A. taxifolia, A. eanadeii^is, A. uigia, A. rubra, A. alba, Larix pn- 
dula, Jj. macrocarpa, Thuja oceidmtali.s T. splueroidc'a, Juniperiis virgi- 
uiaiia, .1. Sabina, Taxua caiia(l»*nsis, (iuercus, sp., Pagus sylvatica, P. 
ft^n•ugiIloa, CaHtanea nuinicaiia, (’. puiiiila, (J^trya virginica, tJarpinus 
amuricaua, (Jorylus anuaicana, (^'. rostral n, AIjiuh glutinosa, A. crispa, 
A, wrratula, 13t*tula nigra, K papvrac<*a, &(*., Salix, 27 sp., l*opiilus bal- 
samifora, P. monilithra, &v..f Myrica crrithni, A'c*., J'lataiius occidfiitalis, 
Liquidambiir slyraL*illija,.IiiglajiM nigra, .1. ciiuava, kc., l lmus anierirana, 
&«., Nyssa aquatics, Piaxiiius alha, P. nigra, &(*., Oniiis anicrlrana, liib(‘s 
iloridum, It. uurciim, kv.t Vacciniiim, 20 sp., A'lulroini'da, 10 >p., Kalmia 
latifolia, K. angustitblin, K. glauca, Azalea vix osa, A. nitida, A. gluuca, 
A. imdillora,&c., Kiiododeiidron maxinmiu, Oorniis tloJ*ida,(.J. alba, C. om- 
nadi'nsis, &o., Ilainanadis virginiensi-*, Spinna salicil'ulia, S. c-haiiiiEdri- 
iblia, S. opidifolia, S. liypeiudl'olia, &c., (Jillejiia liilulinla, Cral.a'gus, .sp., 
Ccrasus pumiln, (^ nigra, Ac., Purslda tri<l«‘ntatM, Kiibu'<, 20 sp., Pyni< 
sp., Itubiiiin l*.s<*nd-acacia, K. liispidji, (iyiniiocladus caiiadcn.sis, Khus 
typliina, It. glabra, Jt. |{. toxicodendron, A;c., I’ltdea trifqliata. 

(^eanothus ainericanus, Ac., lihaiiimi.s alnilolius, Ac., Ib-x npaea, Ac., 
Kuonyiiius ainericanus, E. utnn»nvpureus, StuphyljMi trifolia, Ainpelopsis 
}iederac(‘n, Acer rnbruin, A. dasycarpum, A. saccliarinum, A. strialuni, 
Negundo fVaxinifoliiiiu, Xantho.vyluin lra\iiU‘Uin, X. tricarpum, Tilia gla- 
bra, T. puljcsccris, Jiiriodeiidron {uli])itcra. 

In tho nortliorn parts (to 50^-5;*)° x. l.) no cuKivalion. Sontb of this 
tho same plants as those cultivat(*d in llu' sc'cond iv'gion, but Maizo mom 
exU*nsively. The (Sililbvnian climate is v(‘rv unilbnn, the resting period 
of vegetation ocouiTing in the dry .«unimer. Vines, ( )li\ es, ]\laize, C>rariges, 
and ft-uit-trees of all kinds Ihnirish lier<' ns as Wheat, whilst tho 
loftiest forest trees, the Sequoias, grow here as oiiC(‘ lliey did in Pritnin. 

The Vrairir liotiion corresponds to the Ste])pe Itegion of (Central Asia. 
Extremes of teniperutuiv* ami great drought are the eJiaraeteristies of this 
region; .salt plains exiTcise a marked inlluence on the vegetation, but 
wliero irrigation is practicable tlie country becomes lery fertile. 

The evidences of climatic cbange.s in past eras of the existing flora of 
tho continent, says Hooker, are setm in the iirevalenro of amtic and 
northern species of plants in the alpine zones of the meridional mountain- 
chains, tho Apimlachiaii, Kockv ^louutaiiis, and ShuTU Xevada, even as 
far south as the Ildid psirulh'l. These plants liad spread so utli words 
during a period of cold, and on its subst*qiu*nt mitigation had retired to 
tho lofty situations they now iiiliabit. To tlie lormtT exish'iico of a 
wanner climate wo may p.artly look for the extiuKsion of Mexican typt's 
to the dry regions west oi tlie Kucky Mountains up to the 41.st parallel; 
and to it may bti attributeil the vtuiiarkablo northward (^tension of the 
Cacti in a veiy narroxv meridional Ixdt, scarcely 1(K) miles broad, along 
the eastern flanks of the same mountains, from their headquarters in New 
Moifico, in tho fl.‘1rd, almost to tlie oOth paralhd. 

(See Cray’s ^Botany of the Northern Ignited Stab's,’ and miTiiorous 
publications of the American botanists on the Elora of tlioir continent. 
Sir '\\\ Hooker’s * Flora Poreali-Americana ’ should also be consulted.) 
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5. Reifim of Matjnolm {f^uthem North-Amvncan^ or Pursh's Rrtjion'), 
Mran temperature ^ Fiilir. (ir)0 -2;r (\). 

This refrion is inclii(l'*d with the pnirediiig in CS rist-huch's North-Amo- 
riciiii Forest zone, hut the* vejjfc'tatiou is a more tropical type, and ever- 
gn‘on, cxojrenoua trees are mure nbuiidant. 

Character . — A certain approximation to the tropical vc«retatiuii ; Oan- 
ncfe (Calvin, Thalia), Fiilmse ((‘hania*.rops). Yucca, Oycadtse (/ainia), 
Laiiriis, Ipuni.'va, iii^ni(^ii;i, Asel*‘pias, CacU;u3 (Muiuiuillurin, Opniitia), 
lihexia, FasaiHora, C’assia, Sajiindii-, 

Few Jjabitiijc, Caryopli Wlete, Fm belli fene, Oichoracem, Geraiiieie ; few 
sp(>cit*H of Aster or Solidajro. 

IVecs with broad .sliiniiij^ lcav(‘s and larjii^c* floworo. 

Genera.-- Majrnolia, Jiiriodendron, Illiciuni, Asimina, Dioiava, l*a\ia, 
Aiuorpha, Gleditscliia, ISiipli^ia, Fft.ihtr^toiiioii, ( *alyciiiLthus, (JCnolhiua, 
Claytouia, Kiidbt'cKia, Idatris, Silpljium, Kalniia, " lioiistonia, Frasera, 
1 lal^sia, 1 )odecjitheoii. 

Predominant Ireen and ahruhs . — Magnolia «?randillora, M. /jlaiica, ifce., 
Illiciuiu floridauuiii, I. })ai'\illoriini, laiiotlondron Tuliiiitera, Asiiuiiia, sp., 
Favin Hava, J*. iiiacrostachya, &c., Aniorphu frulicosa, iS:e., (ileditsclna 
triacanthos, Kobiiiia. \iscosn, (‘assia Tora, ( % iniirilanilh'a, &c., Acacia 
j^dandulosa, C-alycaiilhus (loridus, &c., Kaliiiia hirsula, K. cuiicala, Opnntia 
uilgaris, 0. fragili'S, O. niij^souriensis, llalesia tetraptera, II, dipteru, Lau- 
rus Catesbyanus, h. caroliiiiensis, L. IJenzoin, L. Sassafras, A'c., .Iordans 
fraxinifolia, (?arya afpuitica, ('. niyristicironnis, Liqiiidatnl)ar slyraciilna, 
Carpinus ainericaiiu.s, Fastanea americana, (’. puniihi, Jdatamis ucciden- 
falis, Qiu’icus, 25 sp., Taxodiuiu dislicliinn, Finns Ta da, l\ paliistris, 
in the south Pinna anafralis covers larg(‘ districts of H.iinly waste, /ninia 
iiitogrifolia, Yucca ^diuiosa, Y. aloifoUa, iJs.c., FhaniaTups llyslrix, C. 
I’almetto, C. seri nlata. 

Cultivated platifa. — About the saint as in the third region, with the ex- 
ception of the (.)livt*. (hdti^ alien of Jtice luore cxtensi\e. Jn the wuuthern 
parts some tropical plants, especially (h»ttoii and the Sugar-cane. 


6. Rcffion of Camellieee and Cvhnstrint'fc ( Ckineaej Japani‘sey or 
KeempferH llvtjum ) . 

Mean temperature ^ 54°-G,S'’ Fahr. (12^-20'^ C.^. 

This is the Ghiiio- Japanese r<*p:ioii nf GHsebach. I'he climate is mode- 
rate with abundant, equally diftused r.iinfHll. The country has been so 
long under cultivation, the forests destroyed, and much of tin* land altered 
by irrigation, that the natural characteristics are greatly obliterated. 

Genera. — Magnolia, Nandina, Eurja, Camellia, TlH‘a, Celaslrus, Hex, 
Euonymua, Ihim.'ilda, IIo\eniu, Kerriu, Spirani, (Jonocarpus, Lagerstroe- 
raia, Aiicuba, liJadhia, Fleagum, Polygonum, Pollia. 

Predominant trees arul shrubs. — Khapis flalxdliformis, Pinus sinensis, 
&c., Cunuinghamia lanceolata, &c,, Taxus imcifera, T. vcrticillata, Salis- 
buria adiantifolia, Cryptomcria japonica, Cupressus peiidula, Junlperus 
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\ir;j:iniann, Tliiijii orientalis, T. fl« »lubrafa, Qii(?rriis jrlnbra, Q. ^’•laiica, Alnus 
)ii])()ni(‘af iii^ra, Ib-oioaoiirtiii. pap v rife m, Daphne oilora, Launis 

frUiU(:{i, L. Jufida, L. unibellatu, is. peduiKuihitn, Olea Irajrniiiy, Diospyros 
Kalvi, Me.‘-])iluM ja])oniea, Soplnn-a jjipiaiica, Acer jnpouicuni, A. scpt-t'ni- 
Idbatdin, A. pulniiitiini, Xic., ('ainellhi jajKiiiu'a, (\ Sasuiirjua. 

(hiltirnfrd plants, — Kici*, Winul, J{.irJey, Outs, J)uiira (Sorffluim viil- 
^•■are), ISIillet (Kleiisine ct)n»(*nmi), Jiuckwlieat, Saf,fo (OvcaH revoliita), 
'I’aro (Arum or Caladiimi esc u lent am ), liatataw or S^^eei P»)ljito; \ariouH 
species of Dear, Apple, Orab,iV:c., (Quince, Plum, Apricot, Peacli, ^leilhir; 
many Hj)ecies of ( Jilnis (OiHn;*<‘s, SIuuMik ks, tS:c.), Melons. ^ 

Tea, Kape (Drassica sinensis), Jbulisb, (hichiuber, (inurds, Water- 
Melon, Anise, StHr-Anis(‘, S(»ja, Nelumbiuin, '^I'rapa, Scirpiis tube- 
rosns, ( ’onv«)lviilnM reptans, Jlcans, J’eiia, Solanuin setliiopicuin, Sef‘n- 
iiiuin, lleitip, Pa])cr Malheriv, (^.tl-oii, Judijro, Isatis indiji-olica, IJrtica 
ni\ea. (The publications of Iliin^c', Maxinicivvie/, Donlliain (Jlonjr KoUfr), 
Sichold, Mi(piel, (.Iriiy, Praiichel, and Savatier are aimaifyst the principal 
dealiii*^ witli this rc'.don.) 


7. Iti’yioH of the tSrilamiinrf' {Indian^ or Jloj'htrtjh's Rtujion), 

Mean temperature, (Jti° -KV' lain*. C.), 

This corresponds nearly to Orisj'bacirs Indian M»)nsoon reefion, and is 
trojiical in character, varvin^^ according to allitude and the direction of 
'winds, (he detrrco of inoistnrj', '^I’lie p^rtmin^ period for plants is in 
the rainy season. It includes the Iiulo-Malayan n***!!)!! with the islands 
of Java, Doineo, New Guinea, i\:c. 

( 7iaract('r . — 'I'hc tropical ( bders make their appcjirnTice, or bec’omo more 
abundant: Pahnaci'je, PNcadacea', Siitamincie, Aroidcje, Artocarpaceje, 
Prticacete, iMipliorbiaccte, liimrace.e, (’oiivohnlacea^, Dlf^nioniacea*, Apo- 
cynaccje, Ilnbiaccje, liCnnininosje, 'reiebinlliacea', Mtdiaccfe, (lUltifera*, 
Sapiiuhn e;e, Dyttnciiaccjc, Mulvacca*. 

The e.\tra-lro])i4 al vanish, or oidy present thenisehes spaririprly : Cari- 
ce;e, (’oj iferas Anientacjw, liahia(;e, J5«»rajrine;e, Coinpositaj, llosacea’, 
ihiry(»pl)> llojc, Pistai’cic, (h iailcnc, Kiinuncnlaceie. 

(irnera. r\aria, (ircwia, I'iriol.cna, (lart inia, Ihichauniua, rrotaJaiia, 
I'lciniii'ria, Ibilea, (^irpopojron, Jambosa, Gratiola, T('Clona, llolm.'^kiol- 
dia, Pieus, Phytocrene, Palanius. 

Tht‘ tret's arc never wiihnui leaves. The number of arborescent plants 
is frren ter than outside (he lro])ics. r.m>re and splendid lh>w'ers. Many 
clinibin«r, parasilical, j.nd e]iiplrytic plaiitH. 

Predominant arhoresn nt plants. — J Ulhniiucn'iiata, D. .scabrella, I’vmiii.sp., 
Miclielia Phainpaca, Ac., ll.iiidiax iiisipiiis, Ac., Sterculia, sp., Astrapjca 
Wallii-liii, blljeorarpus, sp., ( ’aIo])bylluni, sp., Cvarciiiia, sp., Sapindus, .«p., 
SwiWenia febrifii^ui, ( 'i-siis,sp.,.Vqiiilaria malticc«*nsis, Semecarpus Aimear- 
dinni, Melanorrbaai n.si( ala, .Mimosa, sp., Acacia, sp., Amherstia nohilis, 
Pterocarpiis sautalinus, (his-iu fistula, .lainlH>Ka,sp., Gardenia, sp., Nuuclcn, 
sp., Uncnria Oambir, Diospyros Ebtnuiin, Ac., Drceolii elastica, BifTnonin, 
sp., Aviccniiin tonii‘ntosn,Tectonn frrandis,T. llamiltoniana,Launis Cassia, 
L. Cinnamoiniiui, !.•. inidaballiricn,Telraiitbera,.sp., Mvri8tica,sp.,Hernan- 
dia sonora, Ficus religiosa, P. indica (the Baiiyun), V. elastica, beiiju- 
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miua, and maiiv nthora; (’yeas revolnla, Bornssiis flabclliformis, (loeos 
iiueitern, (’alaiuus Ivotaiif?, rndenlum, Dmro, Aivea (’at»*chu, 
Drae.'viia J)raeo, Pnudanus odoralissimus, JSsiinbusa uriiudiiiaeen. 

Cuiiirafrd plants . — Itice, tS:c. (Panieiini frunientaeeuin, Eleusine 

roracana, Sorfrlniiii, sp. ), Sap» (( ^yens oircinalis), Yanis, ( iroiind-niil (Ara- 
eliis), Ooeoa-nul, Tamarind, Maiiffo, Muiij^osU'cm, riananaH, Planlaiii, Ivosc- 
Applea n^ai^nmia, Jambosa)^ fJuava, ()riinp*s, Sliaddoek, Watcr-Mcbm, 
Snjrar, (.'olTt^o, (cloves, iVppers, (iiiif^er, (^'aidaimiiiis, 'ruriiieric, (’utUm, 
Indigo, Soja, JJt^ans, Pulses (Dolicdios, sp.), (Jpiiim, Poppy, \'r. 

('riie put)lieali<)iis<if lluxbur^di, Uj)yl(*Jlliime,Wi^dit,lloolvor, Thomson, 
Miquol, nfcciiri, and otla^’son llie Imlany of this ri'f^^ioii are very imiiirrous. 
lloolver'a * Elora of Jlritish India ’ will be the most eomplele enuiiK'ralion.) 


H. Ihpion uf Wtodmh ndron-trefs (JiJmodiv, or WaUivICs lict/ion). 

^lltitatlrj /jO(K) 12,000 fei't. Mean femperatarej 00° Eahr. (P.P 

Charaetcr . — Inrlinh'd in (Iriselmeh's Indian Monsoon rc'^don, of which 
it forms a. inar]\f‘d suhdivi.Nion. 'JVopic*aI forms disajipear or decrease 
Ihilmaceie, (’vcaducise, Scilamiiieie, hhiphorhiiiceso, ( ’envoi \ uhieea*, Apo- 
eyiuiceje, 'i erebinthaceje, Ije^riiminosje, Mahaj e.!*, Anonaceju. 

lilxlralropicul, especially European, forms come to li^rlit, or become 
more abundant than in 7 , wnch as ( ’arice:e, Ament ace: e, ( ’onifcT.e, Poly- 
^fornw (Kumex, J’olye'onnm, Uheiim), Jhlmulncefe (Primida, Ly.sininchia), 
Eabiatie, Ericacem (Rhododendron, Andromeda), ( 'ichoracea*, I nibelli- 
fene, Kosaceje ( P<itenl ilia, Uulms, Kosa, Pmmis, Me^jiilus, I’riinn^), Aco- 
racete, C’ar^ophyllac<'a^ (Skliaria, (’eraslinm, Arenaria), ( ’riieifera*, 
Uannncnlaceje (iXconituni, IJaninamlus, 'riialiclrnm ). The Orchidem and 
Ferns are May muiierons. Other characleri.'-tic f«>nns are the 

(ivnrrn. Allium, Paris, Planta;ro, X'eronica, Ithinanlhn.s, I^•dicuhlriN, 
I)idMnocar])eji‘, ( leiitiana, Swi-rtia, (’afiipanula, V aleriaiia,( laliiim, (.’ornus, 
\ ibnrnum. 

Afost tmjyorffnif frees ami sh?'tths.— V\uus Pindrow, J\ Webbiiina, 1\ 
‘•xcelsa, 1*. Khulrow, P. ( i era n liana, Abi»>s Sinithiana, A. Ilrowniana, 
(’udrus Doodai'a, ( ’npre.'-.'iis tornhwi, Podoeijrj)Us latifolia, •Juni|»erns 
sqnamata, J. exeelsi, (^nevcfi'^ spicata and ten other s])., (’oryliis lero\, 
Metnla iitilis, IJ. nilhhi, JJ. aliioide.s, Alims nej)alensis, Sulix dispmna, S. 
<‘uspidata, S. jajioniea, Daphne canniibina, 1). Oardneri, 1). sericr-n, 
ELeai/mis arborea, J'l. conterl.i, E. limb -llata, J lippophae salicifolia, Fra\i- 
ims tloribunda, Ei^^nstrnm nepaleiise, L. braeli-olntnm, Xyloslenm li^u.— 
triniim, (’aprifolium japonieiiiu, macraiilhum, (’orniis oblonpi, (’. 
cnjalata, Vibiirimm fo tidiim, iVc., Andromeda formosa, A. ovalifolia, Ac., 
Khodudendron iirboreiiin, R. Ixirbutum, 1{. Eulconeri, and many other sp. ; 
Ilex dijyTena, I. odorata, &c., Ilihes Takare, Ho.^a microphylla, A'c., 
IRibus rnfr<»sns, 14. hv-tulinns, &c., Spira acane.-cons, .Vc.,Neillia tliyrsiflora, 
Al. rubiliora, Me^pihis alHnis, A:c., Pnimis undnlata, P. eeriisoides, I4hns 
juj^landifolinm, 14. Iraxinifuliimi, A:c.,Ilhamims, sj)., (Mastrus, h]i., Eiiony- 
inus, sp., Acer acMnninatmn, A. oblongum, Dobina a vulgaris, Magnolia, 
sp.. Berboris a.sialica, D. WuUicliiana. 

Xute . — The western jtortiou of tho Himalayas differs considerably from 
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the eastern portion, from the predominance of Dicotyledonous forests and 
a damp climate in the former, with a variety of Conifers until the limit of 
Abies femithiana (](),00() feet) is attained, and an extension of the trimical 
plants to a gr<;nter altitude ; wljile in the diier eastern portion the Coiii- 
lors arc diffused throughout, the forests less considerable, and the plants 
of terinierate eliuuites dillused lower down. 

Cultivaied plants . — The reivols and oixdiard fruits of Europe, mountain 
Kice, and a few tropical iJanls in the lower regions. 

(For the Indian flora consult Kox burgh’s ‘Flora Indica,’ Hooker and 
Thomson’s ‘ Flora Indicji. ’ ( a nn)stvalu}ible introductory treatise), Hooker’s 
‘Flora of Dritish India,’ and numerous memoirs by Wallich, Wight, 
Grillith, and many other botanists, principally Britisli. For the Sikkim 
Himalayan see especially llookt‘r’s publications.) 

V. l^oly nosum (or JtoinwardCs) Retjion, 

Moan tvnipcratin'Cf (>C°-84° Fahr. C.). Altitude , 0-«)000 feet. 

Character. — Ib'soinbling tljat of the Indian rc'gion, and included by 
flrisebncli in his Indian Monsi»ou ri‘gion. I’he principal distitiction con- 
sists in the grontor nimiber of Orchideie (i^sjuunully parasitic species, 
which appear h(u*e in many peculiar forms), (»f Ferns, and speci(*s of 
Ficus. A slight a])proximnlion to the Australian forms ; ^l^'laleuca, 
INIetrosideros, Froteaceio (Heliophyllum). Among the other character- 
istic forms are the 

(Jenera. — Licuala, Lodoieea, llafllesia, Drngmtmsia, Stemonunis, An- 
tiaris, Myristica, Nonin]»hila, liydrophytuiu, Philagonia, Esenbeckia, 
E<‘hinocarpus, Aromadencl ron. 

Predimunant trees and shrubs. — I’vimfevnl forests, composed especially 
of species of Ficus, Laui uccte, ( ’alanicm, and Dignoniacea^, with Licnahi 
sp'ciosa, Droussi)n«'tia pap>TitVra, Artocarjuis incisa, .\ntiariH toxicariu 
(lipas), Myristica, sp., Ardisia, sp., Tectona grandis, 8trychnos tieute, 
Diospyros, sp., Darringtonia sneciu^a, H. cxctdsa, IMiilngonia procera, 
Coreiis, sp., C’alopliyllinii Inophyllum, Eheocarpus, sp., Esenbeckia altis- 
sinia, ]<>hiiiocnr]jus Signn. 

ChiUi rated plants. — 'I'he same .as in the Indian region, with Bread-fruit, 
Cassava, Iiiocar})us cdidis, ISutmeg, Campluir, l*upaw, Cotton (tree, &c.), 
I’aper-mulbcrry, Hemp. 

10. Upper Javan (or Bhone's) lleyio^i. 

Altitude, COOO-12,000 feet. 

Charadei \ — This region, lilie the preceding iiieluded in Grisebach’s 
Indian Monsoon region, h<*ars a certain resemblance to the Emodic region, 
and'‘'oiight perhaps to bo united with it. - Flxtratropical forms replace the 
tropical. Oak-woods replace the forests of Ficus ; and these are succeeded 
by forests of Podocarpus mingled with Tcinifitroemiaccous trees, above 
which the shrubby Heaths (Thibaudia) and woody Gnaphalia occur at a 
comparatively low elevation (9000 feet), where the trees cease. 

Genera. — Plantago, Lysiinachia, Veronica, Gontiana, Swertia, Vac- 
cinium, Gaulthefia, Viieya, Thibaudia, Beilis, Galium, Saprosma. 
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Characteristic trees and shrubs , — TernstrcRmiocotB (Cleyora), Gordonin, 
Schima, Eurya, Moliafioffi, arborescont Eiipatori(;ro, Laiirmjeai, Ficus, 
PodocarpiiH aniara, P. imbricatn, P. latifolia,P. bracLeata, Agyathis loran- 
thifolia, Querciia, 10 ap., Mvrica javaniea, (Jastaiifia javanicii, G.nrgentea, 
&c., Ditliocarpua javonsis, Engclliardtia spicuta, E. riiridu, Thibaiidia, sp., 
Viburnum, sp.jSarabiiciis javaniea, I laiinospormum nrborouiii, Mosnilus, sp. 

(For furthor information on the botany of this n'poii the pnblicationH 
of illume, Miquel, Boccari, and other botauists should be consulted.) 


11. (beanie (or Chamisso's) Itegion, 

Mean temperature^ 73°-83° Fahr. (23°-29° C.). 

Character . — A sparing and not very peculiar flora. Groattn* approxi- 
mation to the fl(jra of Asia than to that of Afiica ; some aflinity to the 
Australian ((hisuarina, i’roteacejii, Myojiorum, Epacridece, Melaleuca, 
Acacia) aphylUe ). 

Genera. — Srhiculea, Antholoma, Aporntica, Orossostylis, Codia, Timo- 
niua* Kadua, Cyathostepria, Arf^ophylluin, Mtdodinus, Ascarina. 

Predomwant trees and shrubs . — Dracmna terminalis, Tacra pinnatiiida, 
Pandanus odoratisaimus, C()Cos niicifora, tJor^’pha uinbracnliftu’a, Ciipressus 
columnaris, Oa.suarina equiseti folia, ('. iiodinnra, Ficus, sp., Artonirpus 
inciaa, Aleurites triloba, JOmbothriuni strobilimiiu, Semvola lvcenif?ii, \'ac- 
cinium e(*reuin, Lolx'lia arburoa, ki\\ Colfea kaduana, (h Mariniana, 
Kadua (^ookiaua, kc.f llhizophora Mangle, U. gymnorliiza, Terminalia 
Catalpa, Bamiifftonia speciosa, Melalouca virgata, <S:e.,Osteomclos anthyl- 
lidifona, Cassia oophora, Mimosa Mangiuiti, Adenanthera scandons, Bla(;k- 
burnia pinnnta, (hilophylluin Inopliyllum, f Jlusia sessilis, (J. pcdicellata, 
Sapindus Saponaria, T)odontx)a spathulata, 1). viscosa, Aporetica pinnata, 
A. tornata, Grewia Mallococca, 8terculia Balangas, S. Ibetida, Commeraoiiia 
echinala, Tetracera Euryandra. 

Cultivated plants. — Bread-fruit, Taro (Arum esculentum). Arum sar 
gittifolium, A. microrhizon, ^raecn pflmatilida, fhnivolvulus ciirysorhizus, 
Yam (Dioscorea alata). Cocoa-nut, Banana, Inocarpus cdulis, Sterculia 
Balangas, Fieus as])era, F. Granatinu, Shaddo(;k, i log-plum (»^)ondias 
dideis), Miniusops dissecta, Terminalia glabra, Cratceva rcligiosa, Eugenia 
malnccensis, Dracmna tenninalis, Alacropiptsr methysticuui, Areca oleracea, 
Paper-mulberry . 

(Seemann’s ‘‘ Flora Vitiensis ’ may be consulted for a complete list of the 
plants of Fiji, &c.) 


12. Region of Ralsamic trees (Arabian or ForsktWs Region), 

This and the following region are properly ^ouped in one region 
by Griscbach, the broad climatal and botanical features being the same 
from the Atlantic to the Indian Ocean, south of the Mediterranean district 
and north of the Central African nagion. It extends to Arabia, Scinde, 
and the Punjab. Great lioat and almast rainless seasons are characteristic. 
The vegetation is peculiar, consisting often of spiny, bulbous, or succulent 
plants. 

Character. — Tropical ; in greatest part, Indian forms. 
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Charadetifitic fivnvra. — Stnemia, IMferiia, Semea, Oncoba, Caucantbiis, 
(Tenirnn, HalMainodeiidron, (^adia, Oryfria. Some approximation to the 
Soiith-Africaji flora (Stapelia, Jl.*miiantlin.si). 

Prvilomimint trve» and shnfba. — I’andaniis odoratiaHJ nma, Ficua »Syna- 
iiiorus, V. salicifolia, F. jictpulifolia, F. Forakalii, F. ])aliriata, F. wrrata, F. 
Siir, F. Toka, Avioonnia toniotitosa, (JynaiioliUTri arboreiini, BtUsaniodon- 
droii "ileadc'iiso, Ik Opobalsainum, B. Kataf, B. Kafiil, Cola.striiH odidis, 

parviflora, Cirowia pojmlifolia, MaTiia iiniflora, ]M. rarimioya. 

Vuliivnted idants. — Alillrts (apocios <»f Sorfrbinu), .si\-rowt*d Barloy, 
Maizo, Arum Oolorasia, DatL'-palm, l^lanlain, ('^<.*oa-niit, Tamarind, Fi*', 
I’apaw, ]\wli, Apricot, IMimi, Apple, Vine, (?oflk?, Sugar, Gingtir, 

Uadisli, Spiiiacb, ( ronrd, Dnlichos, ap., Treiwotton, Fiidigo. 

Notv. — Thia region axtends to tlio plains of Nortli-east India (Scinde), 
and sljould ])rol)ably include part of Persia and also of the Abyssinian 
region. (Bois;ier's ‘Flora Orientalist is a most \aluable book on tlie 
flora of these regions. See also (Josson’s memoirs.) 

lo. The Df svd Jieffion (JDvlilv's J\*vf/ion). ’ 

Metm tempvrntarey 7.i *-8(P Fahr. c‘{()° C.). 

(Character. — This region, like the preceding, is subject to the unchecked 
])revalence of trade-winds. It \aries in charactcT according to the rocky 
or sandy character of the plains, the presence of oases, iScc. .V very poor 
tlora. No charactorislic Orders or genei-a, but tho following species: 
Ponnirt(!tiiin dichotomum, Phamix dactylitera, Uiicifera thehaicH,Kuphot'- 
bin nuiurilanica, whk’ua tomentosu. Acacia niloticn, A. arahica, A. giimini- 
forii, A. »S(*negal, Cassia obovata, C. Singucana, Alliagi niaiirorum, Mimosa 
I labbiis, Zizyphiis Palma Cliristi, Zygophyllum simplex, Z, album, Fago- 
iiia arabica, F. Oiidnoyi. 

duHiraiimi— Only in tho ()as<\s ; bore principally tho Date-Piilni. 
Doura (Sorghum vulgare), \Vlu*a(, Barley. Soutli-]^uro]>cau and certain 
Indian iriiits. 

14, Jleplon of Tropical Africa (Adatison^ft Iler/ion). 

Mean fempvra/w'ej Fahr. (2»T-3()'’ C.). 

Chararter.—Thu Sudan region of Grisebach ; ia remarkable for the large 
number of peculiar genciric types, oacJi often containing but few species. 
li«guminosai, Kiibiarejc, C?yperaci*m very prevalent. Comparatively few 
species of Palniaceie, Filiees, Scitamineie, Piperacea?, I’asMillororo. 

(hnera. — Adansonia, Bombeya, Melbnnia, Christiania, I’entadesma, 
Napoleona, Parlria, TJionningia. 

frednminmit trees and shrubs. — Anona senegalensis, &c., Cadaba fari- 
Tiosa, Cratmva Adansonii, Capparis cdiilia, Pentadesma butyracca, Bom- 
bax pentandriim, B. giiiijt‘ense, Adansonia digitata, Storculia aciiniinatu, 
Grewia carpinifolia, Acacia, sp., Cassia occidcntalis, Pterocai*pus esculen- 
tiiH, Parlda africana, Cbrysobalanus Icaco, Oonocarpus pubescens, lihizo- 
phora, sp., Psvehotria, sp., Bignonia tulipifera, Avicennia africana, Eu- 
i)borbia (slirubby species), Ficus, sp., Elais guineensi.s, E. melauococca, 
ithnpis viuifera, Phoenix spinosa, Paudanus candelabrum. 
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Cidtivated plants. — Maize, llice, Millets (Sorpfhiim vulf?are,aaocharatnni, 
Panicunijsp.), Yam (Dioscorea alata, sativa), (Jassava, Arum esculentmii, 
Plantains, Mango, Papaw, Pine-apple, Oil-palm, Cashew-nut, Figs, Tama- 
rind, Citrus, sp. (Oranges, liimes, Jjemons, &c.), Coflec, Sugar, Ginger, 
Oardamums, Grains of Paradise, &c., Beans of various kinds, and Dt)- 
liehos pulses, Ground-nut (Arncliis), edible Solaria, (.\)tton, Tobacco. 
(For inforniation respecting the flora of tliis district, see specially Oliver’s 
‘Flora of Tropical Africa,* Peters s ^ Mossambique,’ I lookers ‘Niger 
Flora,' various papers of Burchell, Welwitsch, and others.) 

Intermediate in position and in characteristics between the preceding 
region and the Soutli-Africaii or (kipe liegion is Grisebiuih’s Kalahari 
Ketjionf a dry stony desert, without oases. Spiny Acacias and bulbous 
plants manage to live, as well as Cucurbits, succulent Vines, and, most 
curious of all, the strange Wdiritschia, 

15. Itiajimi af Cacti and Piperaceai {flavquin's Ilcyion), 

* Mexico^ (Jaianaf 

Altitadcj up to oOOO foot. Mean temperature^ (>8®-84° Fahr. 20” (*.). 

Character. — BroTueliaccpn, Ptporncene, Passifloracefe, Cactaceie, Kuphor- 
biacea), Convolvulaccjn, Ajiorwjracore, Rubiacom. ’Propical Orders less 
frequent luiro than in other places within the tropics: Filiccs, Scitanii- 
ncjc, Orchidacoai, Myrtacem, Lt'guminosm, Terebintluicejc, AuiMutiacea*, 
Tiliaceie, Malvaceic. Kxtratropical Orders appearing or becoming more 
abundant: Labiatflo, Ericacciu, ('’/am])anuhici*fT), Cojn]n)sit{e, Ilmbelliforjc, 
( ’rasHulacem, Kosaceie, (Jaryophyllaceie, (*rucif(U’tu, Itsniineulaceje. 

Characteridic fpmern. — IMiytclcphas, Ivunthiii, Galnctodendron, Podo- 
pterus, Salphiiithus, Russellia, J^agiiscca, Gronovia, Inga, Thouinia, Lace- 
])edia, 'Pheobroiua, Guazunia. 

Predominant trees and shrubs. — Cyathoa spinosa, C. villosa, Menisci uni 
arborescens, Agave americanu, Yiiu^^a acaiilis, Gocos micifera, (y. butv- 
racoa, Mauritia fiexuosa, Martinezia caryotifolia, ilreodoxa montana, 
Kunthia montana, Ghanuerops morini, Oorypha Miragnama, G. Pumos, 
G. tectorum, &c., Lifpiidambar slyraciflua, Ot‘cropia peltata, Galactoden- 
<lron utile, Rhopala ovata, A vicennia tomentoha, l5liretia ternifolia, Oordia 
dentata, Oereus, sp., Melocactus, sp., Opunlia, sp., Rereskia, sp., Mammil- 
huia, sp., Lecythis elliptica, &c., Ilertholletia excolsa, arborescent Mela- 
slomse, Bauhinia splendtuis, B. suaveolens, &c., lliTraatoxylon campe- 
chianum, Oaesalpinia cassioides, Acacia cornigera, A. fa'.tida, *fcc., 
Ilymeufoa (yourbaril, i&c., Inga Tlumboldtiana, I. insignis, &c., Mimosa, 
sp., Swietenia Mahogani, Bonplandia trifoliata. 

Cultivated plants. — Maize, l)oura, Cassava, Yam, Batatas, Plantain, 
Mango, Cufltard-applcs, Guavas, Cocoa-nut, I’apflw, Pe?ich, Pine-apple, 
( hishew-iiut. Tamarind, species of (’itrus, Granadilla, Vine, (kictus-lig, 
liose-apple. Cocoa, Vanilla, Oojffee, Sugar, Tomafos, Capsicums, Pigeon- 
peas (Cajaims), Ground-nut, CyOchineal-CHCtus, Tobacco, Cotton. 

Grisebach very properly separates the ci.stemiatorial region of South 
A inerica from the Mexican region. The shores of northern South America, 
a.s well as the river districts of the Orinoco and Amazon, ate covered with 
dense forests, with few Conifers, but many Palms and climbing plants. 
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The snvatinahs and llanos are plains or plateaux covered with grass, with 
few trees, and sometimes deserts. 

10. Region of the Mexican Highlands {Bonpland^s llt^gum), 

Altititdcy above 6000 feet. Mean teniperaturey 07“-79® Fahr. (20'’-27° C.). 

Character. — The climate of the Mexican Iliglilnnds is verv uniform. 
Tropical forms vanishing or decreasing : Tre*e-fcrus, Ptilmacem, Fipcracea), 
hhiphurbi acorn, Molastoina<',ea?, l*nasiflorat*ofii. Extratropioal forms make 
their appearance or become more abundant : Amentaceu^ (Salix, Quercus), 
CouiferaB (I’iniia, Cupressus), I^nbintjc (Salvia, Stachys, Marrubium), 
Podicularia, Anohiisa, Myosatis, Ptdemonium, lOricacoje (Vaccinium, Ar- 
butus, Arctostanhyl os), Composite (grcnlly increasing), Valerian a, Galium, 
Oorniis, Oapriioliiim, irrabolliferjc, Itosacoui ( Amygdaliis, Mospilus, 
Uosa, Pot(!ntilla), Caryophyllem (Arenaria), Cruciform (Draba), Ilanun- 
culaccm (Anemone, Ranunculus). 

Characierintic gemra. — Mirabilil^ Maurandya, Leucophyllura, IToltzia, 
Dahlia, Zinnia, Sclikuhria, Ximenesia, Lopezia, Vauqueliiiia, Chaisya, 
CheirosLemon. 

Ih'edominant trees awl shrubs. — Forests of Oaks and Conifers. Piniis 
occidcntalis, Abies liirlella, Ciipre.ssiis tlumfera, C. sabinoides, Taxodium 
disticluim, (Quercus (10 sp.), Haiix Ilonplanrlinna, S. j)aradoxa, &c., Arbu- 
tus mollis, A. potiobiris, Arcto.staphylos polifolia, A. pungens, &c., Vac- 
eiuium geminiflorum, V. stamincuin, V. coiifertiim, Itosa Monh^zum®, 
Mespilus pubescens, Amygdalus niicropliylla, CheiroMtemon platanoidos. 

Ouliivaied jdants. — ISlaize, l^luropcan cereals, Olives and fruits, and es- 
pecially Agave amoricana. 

Note . — In the uppermost regions of the mountains the flora acquires an 
alpine aspect. Hero occur ('Vporus toluccensis, Cheloiie gentianoides, 
Cnicus nivalis, Agerntum nrbutifoliuni, 8enccio (ninny procumbent spe- 
cies), Potciitilla ranuncidoides, Lupimis L. montana, Arenaria 

bryoides. 

(For the geographical botany of lliis and adjacent districts the volume 
preparing by Mr. Jfemsloy for jMessrs. Salvin and Godman's ‘Natural 
History of Mexico and Ckmtrul Aiuorica will isL important.) 

1 7. Region of Cinchonas (Andes, or JIumholdVs Regim). 

Attitude y 6000-9000 feet. Mean tcniperaturcy 69°-08° Fahr. (1 5o-20° C.) . 

Cluiraxter. — The tropical Andean n»gion of Grisobach. The Pacific 
slope is very sudden, tlie coast b«*ing nearly rainless and the vegetation 
poor. (!)n th<^ easteni slojxi of the Cordilleras a long summer rainy season 
IS very favourable to forest vegetation, among whiem the Cinchona-yield- 
ing trees may ho specially mentioned. Extratropical forms make their 
ap])earance, or become more frequent : Graniinaceco, Amentacem (Quer- 
cus, Salix), Labiatm (Salvia, Stachys, Scutellaria), Anchuea, Myosotis, 
Swertia, Ericaccffi, Oompositm (very numerous), Caprifoliaccro (Viburaum, 
Sambucus), Umbellifer© (Fenda, Ligusticiim), Rosace®, Crucifer®, 
Ranunculace®. On the other hand, certain tropical forms vani.sh or be- 
«5ome rarer, but a few particular species of Palm®, Piperace®, Cactace®, 
Pas&iflore®, and Melastomace® ascend to a considerable altitude. 
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Gttnera, — LiLiea, Cervanteeda, Oreocallis, Laclmostoma, Gaylussaociii, 
Stevia, Flaveria, Tagetea, Eapolotia, Cinchona, Guillominia, Coasa, Ka- 
geneckia, Nc'gretia, Amicia, Verottctia, Dulongen, Laplaoca, Freziera, 
.\.batia, Monnina. 

Predominant trees and shrubs . — Oroodoxa frigida, Coroxylou andicola, 
Podocarpus taxifolia, Salix lltimboldtiana, Quercus Iliiniboldtiana, Q. 
iilnia^iieronsiH, Q. tolimonsw, Ficus veliitina, Kliupala cordifolio, Oreu- 
cjillis grandiflorii, JVrsoa la3vi{rnta, P. Mutiaii, stnicea, (Jeotea mollis, 
(). soiicea, Vacciniuni caracasanuin, Andromeda bracamoroiisis, I3t‘faria 
jrlaiica, B. tedl^olia, Cinchona Condaminea, C. cordifolin, C3. oblongifolia, 
C. lancifolia, &(\, WeinnTannia elliptica, W. Balbisiana, i&c., Osloomcles 
«rlabvata, Kubus Iloribimdua, Ilex bumtilioidos, I. inyricoides, C>liLda el- 
liptica. 

Cultivated plants , — The tropic',al cultivah^d plants mentioned under IS 
almost entirely disappear ; Maiz<' and Cotteo, however, are cultivat^Ml in 
tills re^rion; after these come tlu5 Kiiropean cereals and fruits, Potatoes, 
and (Jlienopodium Qiiinoa. (Humboldt’s publications afford the best 
jjeneiml view of the vegetation of this distiict.) 

18. Ih‘(jion of Psealloniai and Calceolariai and Pavon*s llcyiun). 

Altitude, 9000- 18,000 fei t. Mean tmnpei'ature, Fnhr. (1 5°-!° C.). 

Charaetcr . — This is nearly the same as the Chilian transition rc‘gion of 
(Trisebach, intermediate bulwcon the Antarctic? region to the south and 
the Andean region to the north ; eastward are the Painnas. Tlio general 
elimato is like that of the Mediterranean, but with longc*r periods of 
drought. 'J'he tropi(?al forms have disappeared almost entirely, but tlm 
following goncira still occur: — Tillandsia, Oncidium, Pc'peromia, Ithexia, 
Passillora. Tlio forms which <;haractorize the colder temperate and tin* 
polar zones become nioro common: Idchcns, Musci, Carex, LiiziJa, 
Almis, ituiuex, Plantago, Gontiana, Swertia, Vaccinium, Campimila, Ca- 
e,alia, ISenecio, Umbelliferjc, Valeriana, Baxifraga, Bibes, llulms, Alehe- 
milla, Caryopliyllacc 80 (Sagina, Areniifria, Cerastium, Bt(dlaria),Cruciferaj 
(Draba, Arabis). 

JWdominant Orders. — Coniposita?, Grauiinaceai, Erisacoie. No large 
trees. 

Characteristic (jencra. — Uesyeuxia, Tigddia, Gardoquia. Calceolaria, 
Thibaudia, Lysipoma, Bamadc^sia, Homantbis, Cliuquiruga, (hilcitiuiii, 
Wemern, Dumerillia, Escnllonia, Pectophytum, Klaprothia, I'olylepis. 

Predominant shrubs . — Alnus ferrugiiiea, A. acuminata, Vaccinium acn- 
luinatum, V. empetrifolium, V. lloribundum, &c., Thibaiicffa riijx^stris, T. 
floribunda, T. longifolia, T. strobilifera, Befavia graudi flora, B. coarctata, 
itibes frigidum, JOscallonia myrlilloides, E. tortuusa, K. berbciridifolia, 
Hex scopularum, Drymis grnnatensis. 

(Gay's ‘ Flora of Chili,’ and Miers and Weddell’s publications on the 
flora of Chili, Bolivia, &c., may bo consulted for farther details.) 

1 0. WesUindian (or Swartz's) Jtef/wn. 

Mean temperature, 09'’-79® Fahr. C.). 

C/iurncUcr.— Tropical heat with two rainy seasons 'are very favourable 
to the growth of plants, but the original character of the flora has been 

2y 
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much altered by cultivation. The flora of this pfroup of islandR approaches 
that of the adjacent continent, but is distinguished e8p('.cially (like the 
l^olynesian from the Indian flora) by the great quantity of Filices and 
OrchidacesB. In addition to these Orders, we find among the characteristic 
forms the following : — 

Thrinax, Epistylium, Akhomca, Tanaecium, Tetrantlms, 
Cntesbcea, lielonia, Portlandia, Picramnia, Legnotis, lathophila, Valen- 
tinia, llypelaU*. 

The following are desevAing of mention among tho predominant trees 
and shrubs: — Cocos niicifern, Pinus occidimtalis, Laurus, sp., *Melastoma, 
sp., Myi’tus, sp., Stei'culia, sp., TIvaria, sp. 

Cultivated plant H the same as in 15. 

(Grisebnehs ' Fhua of the West Indies * is the best general guide to 
the flora of these islands.) 

20. Itefiion of Palms and Mclastomaf {Brazilian of Martinss Itcffion). 

Mean temperature^ 69°-84° Fahr. (1 5°-20® C.). p 

CharacUr , — The Amazon district is perhaps best placed with the cis- 
icquatoriul- The central Brazilian region consists of a mountain range 
to the east, near the coast, and in the inU^rior high tableland. In the 
diy season vegetation is dormant, but extraordinarily -varied and vigorous 
in tho rainy season. Probably it is that portion of the globo in which 
tho 'V’^ege table lungdfmi presents the gWMilest profusion and variety. 
Abundance of gvmein and 8]iecies, magnitiid<' of individuals, impenetrable 
(priinreval) forests, niiinorous climbing mid parasitical plants. Among 
the characteristic, altlioughnot peculiar Orders may be named Palmaccic, 
Ilaiinodoraceao, Gesiu'raceao, JVIoIa.stoiuacem, and Sapindacem ; lh(‘ Vochy- 
siacero ai-e peculiar. The jieculinr gtmora are too numerous to be meii- 
tioned lien? j among those richest in species are the 

Genera . — A ellosia, Barhacenia, Manihot, Fraiieiscca, Ditussa, Lycno- 
phora, lliplusodoii, Kielnioyra, Suipagesia, Lav rndia. 

Characteristic ejenera and species, uceordiny to the diffet'cnt modes of 
occummec . — In the priinmval forests : Palms of various genera, Fiens, 
Cecropia, Anda, lihopala, Myristicn, Bignouia, Theophrusta, Stiflitia, 
Oxvanthus, (^oularea, Psychol jia, Bm-tiera, Fi uillen, Carica,]MyituH, Ous- 
tavla, I^ecythis, Bcrtliolletia, Melastoma, Jlymenaca, Dimoimha, Tratti- 
nickia. Pifocarpiis, Tricliilia, Cedrela, thipania, Baiiisteria, Jlippocrntca, 
Caryocar, Maregravia, Clusia,'Calopliyllum, 81oauea, Odthea, Lenretonia, 
Abroma, Caroliuea, Bixa, Uvaria. 

In the Catingas (or open woods, where the trees lose their leaves in the 
dry season) : Jatro})ha, sp., Acacia, 8p., Mimosa, sp., Cmsolpinia pubescens, 
Ac., Spondiastuberosa, Tliryallis brasiHeiisis,Chonsia vcntricosa, Bombax, 
Eriodendron, sp., Poiirrctia vcntricosa, Cappai’is lincata, &c., Anona 
obtusifolia, &c. 

In the Campos (open trceless pliuns): Panicero, Amaryllis, Alstrce- 
raeria, Vellosia, Borbaccnio, Burmaimia, Stelis,Caeniido8tachys, Hhop^a, 
Laurus, Ocotea, Gompluena, Lantana, EcLites, Hancomia speciosa, Ges- 
nera, Lycnophora, ^Baccharis, Vernonia, Mikania, Stevia, Melastonifl, 
IMioxia, Teiminalia fagifolia, Gaudichaudia, Sauvagesia, Lavradia, Plect- 
iVi 1 thera. 
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On the sea-coasts: Cocos scliizophylla, Diplothemium maritimum, 
Eriocaulon, sp., Xyris, sp., Avicennia tomontosa; Ithizophora Mangle, 
Conocarpiis erectus, raccmosa, Bucida Buceras. 

Cultivated ptantH, about as in 15. 

(The most detailed works on the flora of this reppon are the splendid 
works of You Martins, continued hy Kiehler and other botanists.) 


21. Region of shrubby Composita (Radrafrepical 8,-Ainericany or 
• St. -Hilaire's Region), 

Mean tempfraturey 50^-74® Fahr. (16®-23° C.). 

Character, — The lropi(!al forms decrease* or vanish ; extratroyicol, espe- 
cially European, forms t:ike their place. KaJiunculacese, Crucilerro, Heli- 
untliemiiiii, Caryophyllaceaj, Jjatliyriis, Chiliiitri, Teucrium,' Plantago, 
Citrex j a few South-African forms, l*olygala, Oxalis, Gnaphalium. This 
region has more than half its genemin common with Europe. Numerous 
Conmositm ; many among these slirubby. 

Gfncra, — Larrea,llortia, Diposis, Boopis, Acicarpha, Corteaia, Petunia, 
.laborosa, Tricycla, Capu’onia, Bipennula. The vegetation of the Pampas 
hon^ takes its character from the long periods of drought, no rainy seasons 
occuning, and only occasional thunder-storms. Arbore^scent vegetation is 
scanty or entirely absent. Spiny shrubs and salt plants are found in the 
interior. Onopordon Acanthxum has in some districts overrun the whole 
country, displacing the few native plants. 

Cultivated plants, — Mostly the European : Wheat, Vine. The Peach is 
very widely spread. 

22. The Antarctic Region (TfUrville's Region), 

Mean teniperafure, 4lo-48° Fahr. (5°-9" C.). 

Character, — Climate of northern portion mild, equable, damp. Great 
resemblance to the North -Eiu’opean fiora (Ih'giou 2). The tropical forms 
have entirely vanished. Forests prf*\ailin the south ; Fagus antarctica 
and an (ivorgi-een species are abundant. In the extreme soutli Saxifrages, 
Itaniinculi, "&c. prevail. 

l\edominant Orders. — Compositao, Graminaceae, Caricero, Musci, Li- 
chenes. The following arc also common: llanunculaceie, Crucifene, 
(varyopliyllacesft, Kosaceaj, Umbellifcrae. Two third.s of the genera in 
common with Europe. A slight approximation to South Africa (Gla- 
diolus, Witsena, Galaxia, Crassuli^ and to Australia (Embothrium, 
Ouriaia, Stylidiee, Miiiarum). 

Characteristic genera. — Gaimordia, Astelia, Collixene, Philosia, Dra- 
petes, Bffia, Calceolaria, Pernettya, Oligosporus, Nassavia, Bolax, Azorella, 
Donatia, Acaena, Hamadryas. 

Predominant trees and shrubs. — Fagus antarctica, Salix magellanica, 
Embothrium coccineum, Pernettya eiupetrifolia, P. mucronata, Andro- 
meda myrsinites, Baecharis tridentata, Chiliotrichum amelloides, Kibes 
magellanicum, Escallonia sorrata, Fuchsia coccinea, Myrtus nummuloria, 
Be^eris ilicifolia, B. inermis, B. mic^hylla, B. empetrifolia, Drimys 
Winteri. No cultivation. (Hooker’s * Flora Antarctica ’ is the best flora 
of this region.) 
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20. Jxcfjion of Siapcliai and Mcsemhrifanihnna {S,-African or 
ThunlwrffS Jh'gim). 

Mean temp<Taitnrj r>4°-70° Fulir. (]2'^-“20®C.). 

Character. — A Ruccpflsioii of raountain rnn{^cs and intcrvoninpr platc'Jiiiv 
st*])amtP the coafit refrioii frpin the elevated plains in the interior. Tin* 
eoast rt^jrion has allora very rhh in foniiR,ilow(;rs abimdiint and boaiitiful, 
blit tlie trees or slirubs not luxuriant ; no largo dense forests, or abuiid- 
jinee of elimbing j'lants, iSie. ; ninny siieeiilent plants. 

Characterhiic Ordera. — Iiestiaeota*, Iridaoere, Proteaeeai, Ericacene, Fi- 
eoidesc, llrnniaeea', Diosmeie, (leraniacert), Oxalldea*, Polygalaeefo. 

(iencra. — Eeslio, Ixia, Gladiolus, Mor;ea, Watsonia, TTje man thus, Stru- 
maria, Agapantbus, Eucomis, Massonia, Stnditzia, Pnsserina, Gnidia, 
Protea, Jjoiu'adendi'on, Loucospcnnuni, Renuraria (and many other Pro- 
teacefle), Stilbe, Selago, Slapelia,Eriea,Gnaphalium, llelichrysiini,StobaMi, 
l*teronin, Gsteosj^ermuiii, U’archonanthus, Eelliania, Gortevia, Aretolis, 
Othonna, Sto.*he, (]<ldera, Anthospermum, Meseinbryanlheinum, A’alilin, 
Liparia, llorbonia, liobeidda, Patlhia, Aspnlathus, Slavia, Brunia, Phylica, 
Diosma, l*elai‘goniuiu, Oxr.lia, Sparmannia, IMuraltia, Polygala, Penaia. 

IVedmiinant forms. — On the sandy districts of the coasts : Stapelia., 
Iridaccfe, Mcsembryantheinum, Itostio, Diosma. On the mountains; 
I'roieaeete, Erica, Ci'us.siila, ttcc. On the dry ])lateanx : Acneia caponsis, 
A. (xiratlbD, A. dotineiis, A. viridirauiis, Eupliorbia inauritonica, 1']. teniix, 
Poa H]nnoaa, Moscmlny'untliemura, sp., Aloe, fridneem, Erica, Diosmem, 
Tlostio. 

Other remarkable species. — ^Iljomnnthus eon inens, Auiaryllis toxienria, 
Testiulinaria montiina, T. elephantipes, Podocavpiia elongatus, Salix 
garii'pina, IVotea nieJlifeni, 1’. grandiflorn, Leiicndendron argentmun, 
Laurus bulluta, Lycium tetandrnni, Oh*a siinilis, Khizogum triehotoinum, 
Tarchonanthux eainphoratns, Stfcbi* rhinocerotis, (h'aflsuhx c oreiiK'a, 
PiUtidncaria iifra, ^leseinhrynntlionuun ednie, jM. tiirbinifovme, Mi tm- 
sideros ungustifolia, Acacia clephantina, Zizyphus bubalina, (hdodendron 
capensc. 

Cidtivated plants. — The European cereals, fruits, and esculent yrge- 
tablos ; also Sorghum caflrorum, Batatas, Plantains, Tamarind, Guava, 
Hhaddock. 

The Kalahari region of Grisebacb, which intervenes between this region 
and the Sudan, i.s alluded to at p. 0^7. (Tlie works f»f ITnrvey and Sondi‘r 
afford the best general insight into the nature of this flora.) 


24. Jleffion (f the Eucahfpti and Bpurridcs (^AmtraliaHy ur 
11. llr&tcn's IleyioH.') 

yf Mean temperature , Fahr. (12“-2fl° C.). 

Character. — ^Tho Aiislrnlian flora, as a whole, is tropical in the north, 
whore it approximates to tlie Indian monsoon and Oceanic typos, in the 
centre is a dry dest3rt region, while south the climate is lilcc that of the. 
Mediterranean. The vegetation necessarily presents great differences 
according to the variations in climaU'. In Tasmania the rainfall is more 
evenly distributed throughout the jear. Tlie Australian is one of the 
richest and most jieculiar floras, but without any considerable profusion 
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of vegetation. The plants of Swan River present much in common, so far 
as generic types are concerned, with those of the Cape. 

Thii chanictcn6tic Orders and gemira are: — Xerotes, Xanihorrhoea, 
Uterostylis, Casiiarinne, Leptomeria, l*iinelca, rroteaceie (Baiiksia, llakea, 
Rersoonia, (hevillen, Retrophila, Iaopogon,lJryaiidra),Myoporinere,We8t- 
jirigia, Lugania, Mitrasacme, Epacridaceae (Epacris, Leiicopogoii, Sty- 
pliolia), Stackliousiete, ScaevoleoB, Goodenoviea3, Stylidiic, Eucalyptus, 
^Melaleuca, Leptosprmuni, Acaciao aphyllro, PLitylobium, Jk)ssiaja, JJios- 
ine.'i; (lioienia, Zieria), Rittosporem, Tromandi’eoe, Rleurandra, llibbertia. 

Predominant trees and shrubs. — TJiree fourths of the forests are coin- 
puw.d of sp(‘ci(!s of lOucalyptus, the number of which amount to more than 
a liiiiidred ; some are very lofty. Next to these come Rrotcaccro, Epa- 
criclem, l)io.srat!ic, Casuavinte, and Acacire nphylho, forming woods and 
“ bush.*’ Also Coniferai, A raucaria cxcelsa, A. fiidwilli, A. Cunninghamii, 
A. Oookii, Daerydium J^’ranklinii, I’odocarpus spimdosa. 

CuUioated plants. — In the bmropi‘an colonies the cereals, fruits, and 
\rgetabl(is of Europe. (For further infonnation consult the works of 
Robert Erown, Ihiroii von Muller, and specially Eentham’s ^ Flora Austra- 
lioiisLs.’) 

25. New-ZeaUmd Itegimi {FosU^r's Pegmi), 

Temperate climate. 

Character. — Tlie flora is more m;arly related to tliat of South Cliili 
than to that of Australia. hAergreen forests, lofty Conifiirs, and Tv(h* 
Kerns, C(jrdylines, kc. abound. Tropical forms vanish, or appisar but 
sparingly. Half the g(Miera hluropoan. Approximation to Australia 
(I’iinelen, Myoporiini, Eperis, Styplielii, Cas.*.iiiia, Melaleuca); to South 
Africa (Giuiplialium, Xtiraiitliomum, 'I’etragoiiia, Mesembryantliemum, 
Ox alls, Itcstio) ; to the .\ntarctic icgioii (Mniarum, Fuchsia, Aciena, 
Eriiuys). Many Ferns. 

(jcnera . — Rlioriiiium, Reiinaulii, Knightia, Forstera, Griselinia,Meli- 
cope, Ihcora, Rlagiantlius, Melicytus.* 

Characlcrisfic species, — CyatJiea mediillaris, (lleichonia furcata, Dra- 
cicna iiulivisa, 1). anstvtdis, I’liormium tenax, Areca sapida, Daerydium 
taxil'oliuiii, Daimnara australis, Rodocarpus Tutarra, Knightia e.vcelsa, 
.Vviceiniia resinifera, Andromeda rupestris, Epacris juniperina, Wein- 
inannia racenu)sn, Tetragonia expansa, Fuchsia e.xcorticala, Melaleuca, sp., 
Diccra dentiita, &c. 

Cultivated plants. — Arum escidentum, Convolvulus chrj’sorhiziis, Rhor- 
mium tenax, &c. In the hhiropean colojiies the cereals, fruits, and escu- 
lents of Central Europe. (Hooker s Flora and Handbook to tlie Flom 
of New Zealand couslituto the best general Avorka on the Flora of New 
Zealand.j 

Insular Floras, 

Tho flora of islands remote from any continent is of peculiar 
interest whore it has not been interfered with by cultivation or 
other destructive agency. The questions to be solved are ; — How 
did the plants now existing on these islands get there? Were 
they created in situ, or were they imported ? If so, How', when, 
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and whence ? Speaking generally, insular floras comprise some 
species which are absolutely peculiar or endemic; some which 
are so closely allied to continental forms, that it may readily 
be concehed that they came from a common stock at a compara- 
tively recent period ; and, thirdly, species identical with those of 
some continent, and that not necessarily the nearest to them, often 
indeed, not so ; hence the probability that these islets received their 
vegetation from Iheso distant continents at a geological epoch very 
remote from the present. Unfortunately cultivation, the destruction 
of forests, the ravages of goats, rats, and other destructive animals, 
have in most cases materially altered the character of the flora. 
Tho aboriginal flora of 8t. J lelena, for instance, is all but entirely 
destroyed, and its place supplied by introduced vcg(itatioTi, or by 
species in no way peculiar to the island. When near a continent, 
and divided from it by a shallow sea, the floras of island and con- 
tinent are, in a broad sense, identical, as those of EnglaiuUand 
^Northern Germany ; but where, as in the case of Madagascar, an 
island is large and separated by a deep channel several hiiiidrcds 
of miles wide, the flora is different. Home islands are of volcanic 
origin, like Madeira, the Azores, and the Canaries ; and the anti- 
quity of their flora can be studied w ith reference to their geological 
history. 


Tlic Atlantic Islands, 

The general charnctor of tho flora is distinct, with an intormixture of 
Mediterranean elements, and of species from the African mainland. I^yell 
considers that these islands had never any connexion with the. mainland, 
hut that thev originated as volcanoes in Miocene times, and weie peopled 
by waifs and strays fi'om Europe and Northern Africa in that })eri()d. The 
presence of such North-Atnerican ty)ics as Persea and Clethra is explained 
by tho fact that in Miocene tim<»s, when the Atlantic volcanoes first reared 
tneir crest above the wa v'os, Kuroj'o was covered with a very rich vegeta- 
tion, containing many genera now' peculiar to America (Hooker), so that 
the genera in question m Madtdra may he looked on ns ^^smvivals ” from 
the Miocene pt^ricwl. Monizia edidis, n native of one of the Desertas, 
belongs to a genus which has no representative elsewhere in the world. 
This, too, like Conipumda Vidalii^ wmich only exists on one rock off the 
coast of ITores, may hc^ regarded as a “ siir vivid.” Hooker (Lecture on 
Insular Floras, ^ Gardeners’ Chronicle,* 1807) considers that Volcanic 
Islands received their flora by moans of immigrants from various con- 
tinents, and do(»s not favour the view that those distant islets over formed 
parts of existing^ continents. The same author points out, in general terras, 
that islands, owdng to the similarity of physical circumstanci^s, are peopled 
with similar plants, and that their vegetation is consequently similar, a.s 
in the abundance of Mosses and Ferns and of evergreen trees. Animals, 
on the other hand, are rare. Species are few in proportion to genera, 
genera to Orders, hence tlio remarkable difference in the flora. Tho 
mountains, moreover, have relatively few alpine plants. 
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Tlio Capo-Verde Islands have a flora which is quite of the Saharan 
typo. St. Helena had a large number of trees of peculiar character show 
ing an African type. 

TJic MofUiarene Idmids, 

Madagascar, ISf auritius, Bourbon, and the Seyclielles are tropical islands 
of volcanic or metainoi^hic origin. Half the species, according to liaker 
(who8(j ‘ Flora of Mauritius * is the most recent enumeration), are peculiar 
to one or oj,her island, or common to the whole Archipelago, while 0 per 
cent, are African, 8 Asii^ic, 14 common to Asia and Africa, and 21 per 
cent, common to the Ola and New Worlds. The most abiindanllv repre- 
sented Orders are Ferns, Orcliids, Grasses, Sedges, Rubiacea;, l^hipuor- 
biacese, Compositao, and Leguminosai. The total proportion of species to 
a genus is 2-il, and of spt*cies to an order between 9 and 10. No less 
than 200 species, according to Mr. Baker, have been introduced, and have 
established theinsolves in Mauritius, w’hiJe the native flora has hem to a 
large extent exterminated by cultivation, &c. 

• 

Pacific Islands^ 

The floras of the Indian Archipelago, of the Sandwich and Fiji Islands, 
are closely related to the Indcj-Malay typo of vegetation, as already men- 
tioned, and form a transition between it and that of Noitliern Australia. 
Now Caledonia and Lord Howes Island belong to tlie Australian U^no as 
regards their flora, witli some peculiar forms. flora of Norfolk Island, 
broadly s^ieakiug, is allied to the Now-Zealand flora, ^^ith admixture of 
Australian and indo-Malayan types. 

The Auckland and Campbell Islands have the general features of Now- 
Zcalaiid vegetation. Chrysuhactron Pomi, a noble yellow-flowered Aspho- 
del, is one of the characteristic plants. 

Antarctic ^slatids. 

Under tliis head brief mention may be made of Juan Fernandez, the 
flora of wliicli is mainly South Cliilian, with marked preponderance of 
Coiiiposittis and many peculiar tyws. 

Kerguelen’s Island" has a flora (ulied to that of Fuegia. The Kerguelen 
Cabbage, Prinylca aniiscorhutica, Ls characteristic, and, according to 
Bennett, difters from most European Crucifers in being wund-fertilized, 
an interesting fact to be correlated with the large proportionate numbers 
of wingless insects. The flora of Marion Island is of similar character. 

The Falkland Islands are of similar general character to Kerguelen’s 
liand, and are remarkable for being covered with dense tufts of Tussac 
grass, Dactylis ctay^osa, and with hiuniflocks or cushion-shaped masses of 
an Umbellifer, Bolax ylebaria. 

Cockburn’s Island, lat. (54® 12' S. lat., due south of Cape Horn, yields 
little or no vegetation beyond Mosses and Lichens of cosmopolitan 
diffusion. 

South-Atlantxc Idaiida, 

The floras of St. Helena. and Ascension have been already alluded to. 
It remains to make brief reference to the floras of Amsterdam Island, 
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St. Paul’s, and Tristan d’Acunlia. Very little is known of the vegetation 
of these islets ; but a specie's of Phyliva is supposed to form the forest of 
the first-mentioned island, and to connect bcdanically the islands of St. 
Helena, Tristan d’Acunha, and Amsterdam one with another and w’itli 
the African continent, species of Phylica being: foiuid in each, and most 
abundantly in South Africa. Spartitia arundinacea^ a grass, is common to 
tl}e islands of Amstiudam, St. Paul’s, and Tristan d’Acunha. Chenopo- 
dium t.omentosum, Ntrtera depre»m^ Dactylin ceespitosa^ and Ac(Bna indi- 
cate a connexion witli the Puegian and Antarctic floras, an(j. througli a 
species of Pelaryomum with the South-African.^ 

Sect. 4. Statistics of Vegetation. 

Number of Species. — Various authors have inmle computations 
from exisliiig data, with a view to ascertain the total number of 
existing species of Pbanorogaius ; but as the opinions of authors as 
to what limits a species are so extremely varied, it seems usel6ss to 
occuj\y space with such speculatho matter. The computations 
range from 1 00,000 to 300,000 species and upwards. It is some- 
what more easy to lay down some general statistical facts regard- 
ing the distribution, and pariieulaiiy iu reference to the relative 
proportions of the more important Classes and Orders, in different 
regions of the globe. 

Relative Proportion of the larger Groups. — Materials are insufficient to 
enable us to calculahs the relative distribution of Cryptogams and Pha- 
nerogams in different regions. The former appear to bear a higher pro- 
]K)rtion t<» the latter us wo recede trom the erpuitor to tho pules j hut this 
may depend upon our better oequaintanre with tho Oryptugauuc hloras 
of thtj northern temperate regions than -with tho Ci-ypiogams of tho 
warmer climates. ' 

As regards the relative abundance of Monocotyledons and Dicotyledons 
ill different latitudes, it is generally agreed that the proportion of Mono- 
cotyledons to Dicotyledons increases from the equator towards the poles — 
a rotrojrressioii of the proportional number taking place, however, in the 
icy regions of the poles and on the alpine summits. As a rule also, closely 
connected with tlm above stati'ments, Monocotyledons are more pre- 
dominant in proportion to tho gieater moisture of a climate. 

Probably uo Oiders, except the Loguininosm and tho Oompositce, con- 
tain a number of species amounting to 6 per cent, of tho total number of 
Phanerogamic species. Thus the existence of species of one Order in any 
region exceeding in number 5 per cent, of all species found there, indicates 
a^redorainance of that Order. If such predominance occur only in one 
region, the Order becomes characteri^ic of that region ; if such predomi- 
nance of the same Order occur in many regions, it indicates ^vide diffusion 
of that Order. 

In a ve^ long list of Floras, from all parts of tho globe, compared by 
Alph. De Candolle, it was found that only 85 Orders of Phanerogamia 
fonned more than 5 per cent, in any one or several regions. 
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The orders which presented in one or but a few floras from 10 to 10 
jwr cent, of the Phanerogamic species were : — 


Caryophyllacero . . Spitzbergen (14J per cent.). 

Criicilerie Spitzbergen (10) and Melville Island (13J). 

Legiiminosro .... Almost all intortropical and subtropical regions. 

Kubiacem Sierra Leone (10). 

Proteaceae Australia (II 5 ). 

Melfistomacero . . West const of tropical America (11 t)» Brazil (H). 
Saxifr^aceso . . . . Spitzbei’gon (II 5 ), Melville island (lo). 

Solaiiocea) Ascension (HI) (naturalized). 

Myrtaccfe Brazil (?). 

Cyporacefo Lapland (13), Iceland (11), Brocken (12). 

Orchidaccro Now Guinea ( 1 * 4 ), Java (10), Mauiitius (11 J ), 

S. Mexico (10). 


Of Orders ordinarily exceeding 10 per cent, of a flora, — 

(Jraminacejc constituted 18 per cent, in Spitzbergen ; 21 in ^lelvilh* 
Island ; 27 in Kerguelen’s Tjaud. Ooinpositie, 18^ per cent in California 
au(f Mexico; 10 in the Malouint's ; 21 111 Chili; 22 at Quito; 25 in tin* 
S. of llueiKJS Ayri'-s ; 27 in J uan Fernandez. 

Orders with more tban 30 per cent, occurred in exceptional localities, 
\iz. (kunpoaita) (33.i) in the elevated parts of Chili, and Cyperacea 3 ( 335 ) 
at Tristan d'Acunha. 

Cortaiu Orders predominate in particular latitudes, without 
being in their nature characteristic of tlioso latitudes. 

Tropical Floras. — Thus, while in some regions of the tropical zone the 
Palms, Zingiberaceu), Marantawm, Melaatoinacofc, Molpighiaccjo, &c., are 
really characteristic, the predominant species of the tropical lloiiia aro not 
iiK^mbers of such Orders as Lam-accie, Monispcirmactju;, Anoiiaceje, Bom- 
baceoe, which have their Tuaximum in hot climates, but belong to the 
J^eguminosiG, Graniinacoje, and Coniposita), which exceed 10 |x'r cent, 
geiiorally in the tropics: the Orchidacero and Cyperacea* follow next, then 
LiiphorfiiacecD, Urticacem, MelastomnccaQ, and Scrophulanaceae ; of which, 
^Melastoniacofe alojie belong exclusively to hot regions. 

Other Onli'rs occurring m many tropical floras, but forming less than 
5 per cent, of the species, are : — 

Convolvulact-'Pe, Malvaeeic, Piix^roce.*©, Zingiberaceie, and iNlarantacea?, 
Solonacem, and less commonly Acanthaceoe, Amentacem, Apocyuaceje, 
Bignoniacea 3 , Boraginaceas, Capparidacero, Cuciirbitacem, Gontianiiceje, 
LabiatiC, Launicea), Loranthacem, Malpighiaceie,MyrtacGrc, CJinbolliferai, 
I’almaceai, Paasitioraceso, Kusacea), liutacea;, Anacardiacea), and Vtsr- 
benacete. 

The Ferns are likewise exceedingly predominant in species in the 
islands of the tropics (16, 21 , 26 per cent.). 

Temperate Floras. — In northern temperate latitudes (from the tropic 
to 60® N, hit.), again, Compositm, Graminacem, Cyperacere, and Logumi- 
nosem predominate in species — the Cyperacem increasing iiorthwai'd, the 
Leguminosie rapidly decreasing (Granada 8 per cent., Yorkshire per 
cent.). Next follow Crucifer©, UmbelUfer©, and Caryophyllacero ; then 
Labiatro, Bosacero, and 8 crophulariacero. No other Orders exceed 5 
per cent, of the species, and omy attain this in exceptional localities. 
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In tlio northern zone beyond 60"* N. lat., the species predominating 
northwards are Qraminaccio, Cruciferm, Saxi&agoceaB, Caryophyllacea;, 
Itaiiunciilncoie, Hosacefe, Cypernceje (^-7 per cent.). Composita) form 
7 per cent, in JMelville Island, but only 4-5 per cent, in Spitzbeigeu. 
AmentifersD (iietulacere, Salicaceje, &c.) and Juncacem barely reach 5 
per cent. ; Polygonacetr, Ericacoae, and Scrophulariaccaj approach this 
number, but arc mostly bolow it. 

In the south temperate zonci we find two classes of regions, one dry, tho 
other with a damp climatii. The former coniprelionds the Cape of Good 
Hope, Australia, Chili, and La Pliita. (Jompusitaj predominate at the 
Capo and iu Auieidca, but, in Australia fall to 7 f»er cent. Leguminosre, 
on the contrary, make but 7 to per cent, in Ami^rica and at the Cape, 
but 14 per cent, in Australia. Tht^ Gmssos are not more than 6 to 6 per 
cent, anywhere, and tho ('yperacero still fervor. 

Tho Capo and Australia liave, however, certain especially abundant 
Orders ; thus I’roteaceaj form 2 to (» per-cent, at the Cape, 8-12 per cent, 
in Australia ; ^lyrtaceje t) per cent, and Lpacridacem 4-5 per cent, in 
Australia; Iridacea* 4-6 per cent., Liliacejc 4-5 per cent., and Eric^ceie 
2-() per cent, at tho (^apo ; Stylidiacem and Got)doniacea} are especially 
Aiistruliaii. 

In the moist regions, comprising parts of the African coast, Tasmania, 
New Zealand, Island of ChiJoe, &c., the Grasse.sand Composite increase in 
departing from the tropics ; (^yperacese rise to 4-8 p(*r cent. ; Orchidaceae, 
4^-8^ per cent. ; and Ferns are very numerous in tue islands. Rcstiaceaj 
increase in Tasmania, but I'roteaceso, l 4 egumiiio.sefe, with StylidiacesB, 
Goodeniacese, &c. decrease. The proportions in tlie Southern extremity 
of America approach those of the temperate and moist regions of the 
northern hemisphere. 

As a general statement, it may be said that of tlie three most fre- 
quently predominating Orders, Leguinino.<«fe aie diminished in propor- 
tion to toiripernture, tJie Coiup<isita), are lessened by combined cold and 
humidity, and the Gramiuaceio are least predominant whore tho climate 
is dry. 

It mii.st be borne in mind that tlie above calculations are approximate 
only, and apply to species, or genera, or orders, and by no means I'epre- 
seiit tlio distnbulioxi of individual jilauts. 


CHAPTER III. 

BOTANICAL GEOLOGY. 

Sect. 1. Natubk and Impoktanoe op Fossn. Plants. 

Remains and traces of plants are met with in most of the strati- 
fied rocks which have been produced by successive geological 
changes of the earth’s surface. These remains afford an indica- 
tion, more or less perfect in different cases, of the nature of the 
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vegetation which haS existed in earlier periods of tho world’s his- 
tory. Vegetable remains found imbedded in geological formations 
are called and the condition in which these fossils 
occur are exceedingly varied, both as to the nature of the substance 
preserving the vegetable forms, and the degree of perfection of tho 
forms preserved. 

The principal kinds of fossils may he cltissed as follows : — 1 . Petrified 
ftlnnUyiw ^hich the stnictures of plants have been more or lews completely 
impregnated with minAal matter, hardening them into a stony muss. 
They present various muditications, in which more or less of the organic 
matter remains, completely impregnated with minoral substances, or 
where the mineralization is so complete that the organic substance has 
totally disappeared. The mineral substance of such fossils is ditlcrciit 
in diderent cases, tiilicitied remains are tho most common ; fossils im- 
pregnated with carbonate or sulpliate of lime abound in other strata, 
whife fossils of dense; or earthy ironstone, argillaceous ironstone, and, 
lastly, iron-pyrites ore frequent in particular rocks \ impregnations with 
rock-salt, oxfde of copper, alumina, &c. are rarer. 

Si. Coalj where the vegetable substance is more or leas completely con- 
verted into a solid, black, combustible carbonaceous substance, of stone- 
like aspect. This occurs in almost every possible modilicatiou, in masses 
or in the form of isolated idants or organs of plants, from tho solid stony 
anthracite to the brown coal or lignite y which prescirves tho organic texture 
and is recognizable at first sight as vegetalblo matter. Coal-beds are 
formed through the accumulation of vast masses of vegetation, and their 
conversion tlirough pressure and chemical changes into solid masses ; but 
loaves, stems, or parts of stems, such ns layers of bark, fruits, &c., con- 
verted into coal, ai’o found isolated in strata of various composition. 
\Mth these last ore intimately connected the numerous fossils which are 
true petrifactions, but have the orgi^ic matter preserved in tjio mineral 
substance in the condition of coal, giving a coal-like aspect to the fossil. 

3. Impremom or natural casts ol plants or organs of plants, which have 
been formed by the vogfitable objects being incrusted by, or imbedded in, 
mineral substance and decaying subsequently to the solidification of the 
enclosing substance; the cavity left by tlie decayed vegetable may be 
filled up by the same or a dilierent mineral substance ; and casts of the 
internal parts of stems &c. are mot with, from tho penetration of the 
mineral matter into cavities formed by the quicker decay of succulent 
structures, such us pith. 

4. Objects contained in Amber, the fossil resin of a Pine, wliich has 
accidentally enclosed various vegetable and animal bodies w'hich it flowed 
over while liejuid. The objects are sometimes thoroughly impregnated 
with amber, like microscopic objects enclosed in Canada balsam, these 
having been enclosed in a dead or dry condition ; in other cases, where 
fresh organs have been enclosed, hollow casts only are found, the enclosed 
matter having been more or less decomposed. 

The study of vegetable fossils is far less satisfactory than that of animal 
remains, since, in tne great majority of cases, the structures most dis- 
tinctive of the subordinate groups of plants are formed of very perishable 
matter. Genera, and even species, of animals may be recognized by bones 
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tin J shells, which are of a very porsiatent nature, and are found abundantly 
in slralitied rocks. The preservation of fossils can only have occurred 
through the a‘>:ency of water, impregnated with mineralizing matter, or 
loadea with mud which enclosed tho remains : the vegetable bodies which 
cun resist the long-continued action of water are few ; and these mostly 
allbrd only characters of large sections of tho vegetable kingdom, without 
furnishing generic, far less specific distinctions. Added to the fragmentary 
character of the fossils Ivnown, those kinds hitherto found possibly only 
represent partially prevailing forms of vegetation. i 

Attempts, however, have been made, by comJ;ining the conclusions of 
/itratigraphical geology and animal palaeontology with those of vegetable 
palroontology, to form conceptions of tho character of the vegetation Td' 
succeeding geological periods. The ideas obtained in this way, however, 
are very superficial and exceedingly speculative. Still there is much that 
is promising in the investigations ; and the general tendency of all the 
facts hitlierto collected is to indicate that there has been a gradually 
increasing conipltjxity of organization in tlie plants successively crealeJ, 
tliat tho plants of tlie earliest epochs belong to tho lower Classes, and that 
tho higher Phanerogams appeared only in the later formations — in tho last 
of these probably ill smaller proportion than in existing vegetation, lu 
the earliest formations (Cambrian, Silurian, &c.) the lew vegetable, 
remains are those of Algm, Fucoids, &c. In the Devonian and Carboni- 
ferous periods vascular Cryptogams, Ferns, Lyijopods, Fqui seta prevailed, 
lu the Trinssic and Oolitic periods Gynmospermous plants formed a 
marked feature, such as Conifers, Oycads, &c., with Tree-ferns and traces 
of Monocotylcdonous plants. With the Cretaceous period appear Angio- 
spermous plants, begimiing with a preponderance of lucompletm, and 
passing through 1 lialypetalm to tlie more reccml formations, whore 
Oamopetalous plants prevail. Dut in all cases, though there is evidence 
of progress, there is an overlapping of tho characteristics of one period by 
those of another. 

One important point, however, must not be overlooked in inquiries 
relating to this subject; that is, the probability of the coexistence »>f 
divorsilietl local Jlorani, as at the present day, the remains of which 
might, from purely systematic considerations, 6e regarded ns of dillerent 
antiquity. 

In illustration of this, it may beobsciTed that the remains found in the 
European formations belonging to the epoch immediately preceding tli(‘ 
present oiler a general resemblance to the prevailing forms of existing 
Aorth-American vegetation. 


Sect. 2. Fossi L Plants ciiaeactebizinq paeticulab 
,, CiEOLOOrCAL Fobmations. 

1. Flora of the VcCUeozoic Strata, 

Lower and Middle Falocozolc, or Transition Period. — Comparatively 
few plants are known in these strata, and a considerable amount of un- 
certainty exists in reference to the determination of the fossils. What 
remnants remain in the Cambrian, Silurian, and Ijower Devonian series 
jire imparently those of marine Algm. In the more recent deposits of this 
age Ferns, including some allied to HymenopJiyllum and Trichomanee^ 
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Oiilamites, Aatorophyllites, and Conifers are found. Psilophytuin extends 
in America through Upper Silurian and Devonian formations. It is a 
plant probably Cryptogamous, but not referable to nny existing form, but 
presenting resemblancea to Rhizocarpete and J^ycopodinccjc. Cyehdiyma 
IS more distinctly Jjycopodinc<Hius, as also ^Lyvopoditea. Conifers are 
represented by IVototaxiteSy described as presenting indications of Coni- 
ferous structure in a simpler condition than now existing. In the IJppi»r 
Silurian traces of l^ycopoda occur. 

Upper PalQBOzoio, or Carboniferous System. — The known floras of this 
system, remarlcahle for ^he presence of the gi’eat Coal-beds of Europe, 
alford a very large number of species, in which there is a continucid greats 
predominance of tho Leafy Cryptogaiiiia (Eeriis, i-.ycopods, Tlquiscda, &(*.), 
in many respects of higher organization than tliose now existing. 

Tho principal characteristics revealod here are tho absence of Dicolylc*- 
dons, the paucity of Monocotyledons, the prcdomiiianco of the Ferns and 
allied Classes, and of ccidain plants of organization not mot with in ex- 
isting vegetation, referred by some authors to the Class of Gynniosperms, 
by otSiers, aud probably more correctly, to the vicinity of Lycopodiacea*, 
vV:c. Conifers and Cycads begin to appear, with Stigmnrias, Sigillnrias, 
IiQpidodendrmi^ iiic. The general character of this tlora is \ery monoto- 
nous, and alike in character from the poles to tlie equator. 

About IGO species of Ferns have been found in the British Coal- 
Jbrmatioii. Lepidodendron has tho habit and spores of Lycopodium. 
Lepidoftfrohus is the fruit-spike of Lepidodendron^ having ihe, structure 
of existing Lycopodium, Catamites secern to have be»jn gigantic lOquiseta. 
Aster ophytlitesy Annularia, i^p/wwydiyllfan are possibly forms of (>alamites. 
Stiymaria is the root of Siyil/una, a plant of doubtful aflinity, referred by 
Carruthcis to TA'Cop()dincefc, by others to Gymnopperms. The Conifers 
are represented by JJndo.n/lo7if allied Araueariay l^itvrnheryia ^ Triyonth- 
enrjmmf &c. Stemheryia is supposed to have been the pith of IJadoxylon. 
Antholites has much the general appearance' of an Orobanche. 

Permian System. — The fossils of tffo Magnesian Jjimestono afford only 
fragmentary representatives of the CarhoniferouH flora, most of the cha- 
racteristic genera liaving disappeared. Tho Orders are much tho same, 
but lesvS numerously representea by species. Silicified Coniferous wood, 
Walchia, Ferns, Calnmites, Lepidodendron, and Algjo are found, and ulsi 
evidence of the existence of I’alms. Neoyyerathia has the venation of 
Salislm'ia, 


2. Flora of the Mesozoic, or Secomlary i^trata. 

TtiaBsio, or New Red System. — In the ** Variegated Sandstone ’’ strata 
of this formation, comparatively fow species have yet hetm observed. 
The Carboniferous species have disappeared; Ferns still predominate and 
exhibit peculiar forms; Conifers (Voifzia, llaidinycra) are ahundunt; 
Cycadete rare, and a fow doubtful Monocotyledons ( Yuecites, Pakeoxyrk) 
occur. In the ^^Kcuper” Sandstones, with a goner.al anah^gy in the 
proportion of Orders, except that Coniferro are rare and Cycadacea) abun- 
dant, the genera of Ferns and allied Orders are mostiy distinct from those 
of the Vosgesian, or ‘‘ Variegated ” Sandstones. 

Llosalo System. — The essential characters of this epoch are the great 
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predominance of Cycadero (Zamites)^ which here appear in several new 
jrenera, and the existence of Ferns with more highly organized foliage 
than that of the genera of older formations. Algfe, Fungi, Lichens, Ly- 
copods, and Conifers also existed at this period, but no Angiospormous 
Dicotyledons have yet been discovered. 

Oolitic System. — ^The nature of the strata referable here is veiy diverse ; 
the general character of the fossil vegetation consists in abundance of 
Ferns proper, Equisela, and of Oycadono, especially of those genera 
{ZaynUea and Otozamit.vs) approaching nearest to existing forms, and the 
greater frequency of the Coniferm, Brachyphylbm and Thnyt^Sf than in 
4;he Lias. Conns of Araucarias have been found, as well as endogenous 
plants allied to Pmidanm and Arum, Algae, Marsileas, Ly copods are also 
found. There are a large niinih(*r of known species. The dirt-bods of 
Portland are layers of soil with rt^mains of Cyciidacoous trees in an erect 
position. Some of these are distorted by pressure into the shape of birds^ 
nests. 

Wealdon System. — This formation, remarkable as a freshwater prq^uct, 
lias afforded comparatively few species of plants, mostly congeneric, al- 
thougli specifically distinct from those of the laas; but the proportion of 
the Cycadocea; to the Ferns is smaller. Equiaetum and Chara (the latter 
by its fruits) are represented. Dicotyledons have not been discovered. 

CretaceoQB System. — In this fonnation we arc at once struck with the 
diminution of Fcnis, hlquisetacctt), and allied forms, the reductiem of the 
species of Gymnosperms, and the appearance of Angiospormous Phanero- 
gamia, chiefly dicotyledonous {Beltday Myrica, SaliXy &c.), though traces 
of Palms and (jrasse?s have been mot with. The Cycadaceie are still 
numerous ; but they and the Conifenc do not more than equal the Dico- 
tyledons. The genus Crednana, supposed to belong to the last class, is 
very characteristic of the Clialk fomialion. I^he Ferns and Equisetaceie 
almost disappear. 

Tho fossil plants of the Upper (Ji’etnceous system, the equivalent of 
the tipper Chalk of this country, show a tern'strijil flora in which all 
tho great subdivisions of the vegetable kingdom are represented. Dr. 
Dehey estimates tho number of spccii’s at Aix at about 200, of whicli 
07 are Cryptogams. GleicIfmWf lyyoditwt, and Aspknium among Ferns 
have been identified as geiiericaliy identical with tho plants now so named. 
Among Conifers, Cycadopleris closely resembles Sequoia ; Araucanas also 
are found, but few ( ^ycads. Pandaiiads existtid, and, among Dicotyledons, 
Figs, Oaks, Walnuts, ]Myrtlo.s, and numerous l*roteads, tho structure of 
the loaves of the latter being so perfectly preserved that even the stomatA 
may be seen. Attempts have been made even to correlate the genera with 
exiting tvpos of Proti*ads ; hut this is a very hazardous procedure, seeing 
how variable the leaves of Proteacem are. Still the general indications 
point to a vegetation like that of Australia. 

3. Floras of the Tertiary System. 

The floras of this system form a more or less connected whole, 
which is continued in the later strata *into existing vegetation. 
They are especially distinguished from those of older epochs by 
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the abundance of Angioapcrmous Phanerogams, Dicotyledons, and 
Monocotyledons — above all, PalrnaceaB. Put a sort of transition 
takes place from the Cretaceous period to the Eocene. In this 
system, however, the ])roportioii of G-ymnosporms rapidly de- 
creases, and the Cyoadacem disappear from Europe, while the 
Conifers approach the character of the cidsling genera of temperate 
regions. 

Eocone Tlora. — Tho distinctive characteristics, as compared with other 
epochs, arc the presence, ithuugh rare, of Palniacote, Nipadifes^ the com- 
parative abundance of Algfe and inarino Monocotyledons {Caulinifes^ 
XosteriteA^ ifec.), and tho existence in Europe of numerous now exotic 
forms, such as Gloichcnia among Ferns, espncially represented by the 
fossil fruits of the Isle of Shepp(‘v, the Barton Bed in the Isle of Wight, 
i\:c. Though h‘ss rich than the Miocene, these formations include a larger 
number of species of an Australian or Indian type, such as Laurocea', 
A raliiij Anona, Ficua, various Proteacem, Petrophila^ Isnpogon, Temperate 
speefts, sucli as are found in the Miocene, are wanting. 

Miocene Flora. — A very rich flora. No less than 000 species 
have been detected in one locality in Switzerland by Ileor. The 
Australo-lndian forms give place to plants of an American type, 
resembling the existing vegetation of the lluited Stales, Mexico, 
and Japan. One of the most striking features is the abundance of 
Palmacem, Sahal^ together with Gainopetalous Dicotyledons, espe- 
cially a supposed Rubiaceous ^idum,Steln1iauria, The list of fossils 
contains also a Bamhusa, Lauracere, Combretacero, Leguminosm, 
Apocynaceac, Fifw, belonging to warm climates, with many Amen- 
taceous trees, Populus mutalnlis, Carjnnus, Aceraceso, Proteacero, 
N^’^mpbmacoa?, and other plants now belonging to temperate 
regions. Numerous vegetable remains occur in beds of this forma- 
tion at Bovey Tracciy, Devonshire, and in the Isle of Wight. At 
Bovey Tracey one bed is described as a perfect mat of the debris of 
a Sequoia intermediate between the existing Bed-wood, S, semper- 
vire7is, and S. gu/autea ( W dlingtonia) of California. At (Eningen, 
on the Rhine, are beds of this formation containing numerous 
insects and plants, the latter being of special interest in this case, 
because the leaves are so often associated with fruits, rendering 
the identification so much more trustworthy. Numerous Maples 
with foliage and samaru) have been found. Planes also are found 
with leaves and fruit, and with the bark peeling off, as in existing 
species. 

The fiora of the Miocene period, as a whole, is of a subtropical and 
lemperaU' character, and presents many American forms, such as Li^i- 
danwa?*, Sequoia, &c. In the Arctic regions, Greenland, &c., Miocene 
bods occur, very rich in vegetable remains^ many of which are pronounced 
identical with those of the*Miocene beds of dentftil Europe. In these 
now inhospitable regions once grew at least ten species of Conifers, in- 
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(jliiding Sequoias, Taxodium distichnm, Ahtps exceha, Commou ^ruce, 
Salisburias, Oalcs, Planes, Poplars, Elms, Birch, Maples, Walnuts, Maj^o- 
lias, Andromeda^ Vilm7'num, Vines, Ivies, Ferns, and many otli(‘rs, 

juore or less correctly rtjferred to existinjif froneric types, hut, in any case, 
ailorcling evidence of a subtropical or warm Icmpei-ate climate. It is 
conceivable, then, that the plants of the Miocene epoch, so many of 
which are of American types, started from Greenland and wore dispersed 
throu/^hout Europe, Asia, and America. ITnger and I Jeer supposed that 
tlin plants might have migrated from America to Europe by wav of a now 
sunKeii continent, the Atlantis of IMato, the posiJ,^on of which mr.rlfod 
by the accumulnlions of Sargasso We(*d. The presence of American 
genera, Cleih'a Scq. in Madeira, has already betm alluded to witli re- 
ference to this view. Asa Gray and Oliver, however, consider that the 
existing evidence is morii favourable to a migration from America through 
Asia to Europe I 

Flcloccno Flora. — The Dicotyledons pr^'dominnte, and are most varit‘d, 
!is in (ixisting vegetation ; the" Monocotyledons are ran* ; and the I’al- 
niac<*ro of the preceding epochs arc wanting. The general analogy of thi'. 
llctra is with those of the temperate and warmer r(*gions of Europe, North 
America, and .lapan at tlio present day. According to tlie determinations 
made hy pnheontologists, many existing genera are represcnlc‘d, such ns 
Gh/pMrobvftf Ta.voiJiumf ()yp(*rae(‘a*, Omptvnia, Thymehiccn*, 

Santalacejc, Lauracc{e,7i?'(y?oV/a»i6«r, Kymty Itohhiia, (jflf'rfiiscJiia, Jimthima^ 
CnssiCf Acacia f JMws, %htfflam^ Ceanothmy (fc/asfrmf Hapindm^ Liriodciri’- 
drortf Cappnri^j Sidcroxyhm^ AchraHj Sympfocos, Cornncea'*, Myrlae(‘a*, 
Poinacem, Tiliacem, Magnoliaceje, i^c. This list includes especially 
modern NoilJi-Amcrican genera, which cxisldd at that time in rliiropc. 
QurrciWf Acer^ kc, appeared then as now, 

Fleistocono Deposits.— The glacial drift and the diliuial deposits be- 
longing to this group aiford hnrdlv niij' recogni/.nblo veg(‘tahlo remains, 
beyond fragments of fossil wt)od o^ Ooniferje, met with occasionally in 
connexion ^\ith the hones of cxtiiibt Maniiiialia and in a few Lignite 
beds. 

The flora of the Glacial period still exists in Alpine districts. 

4. Floras of Early Foi'niatiom of the present Geological Period. 

The formations referidilc to this group consist chiefly of freshwater 
calcareous deposits (tufa), the older peat-bogs, and forests now buried or 
submerged beneath the sea. 

The remains existing in calcareous tufa have not yet been well inves- 
ligatod, partly because the beds are not greatly dtiveloped in most 
countries, and partly becaiiso they usually contain only casts of vege- 
table structure, produced through incrustation. As far as wc know, the 
plants are similar to those of the existing floras of the regions, with a 
lew exceptions. 

The old peat-bogs, especially of Northern Europe, often contain vast 
quantities of recognizable vegetable remains, belonging to species no 
longer growing in thensamc spots, but found^ further south, as remains of 
CorylnSf JHnm piccOf &c. in the Shetland Islands, of Oaks, Maples, Limes, 
Ash, &c. in Sweden, beyond the present limits of those plants. 
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l^^roflins of forests formed of still exisdnp: Ri>ecies occur in many parts 
of Europe, enclosed in diluvial bi'ds. The city of Breslau stands on 
the site of an ancient forest, whence the trunks of Quercus pedunculata 
are dug out; the same is the case with the city of Bamberg, where the 
trunks of trees of gri'at diameter have bc'en found in excavations for 
railways, &c. Similar trunks of Oak are occotiionally dug out of the 
diluvial beds in England, as in the upper port of the valley of the Med- 
way. 

Submarine forests arc known to exist off manv points of the Britisli 
const and fho west coast of France ; wood obtained from a large sub- 
inergod bi*d off the const of Pembrolveshire is found to consist of Oak 
and Alder, and of Pimts tiylvestris: the Oak, Elm, Hazel, Walnut, ^c. 
are found in the British Ohannel. In the Lake-dwellings of Switzerland 
Si*oda of lleretils. Apples, Nuts, &c., and Linseed have wen found, indi- 
cating not only the exhteiice of these plants, but also, as in the case of 
( Vreiils, of cull nation. 

Those facts, together with the analogous but more complete ovi- 
deiK^ (lorivod from animal reinaius, show a gradual trausitioii from 
tlie Tertiary to the present geological epoch. 

As to the wid(‘r question of the descent of existing species from 
their fossil representatives, or from preexisting forms now extinct, 
Mich liliation can hardly be doubled in many (‘ases, although the 
evaei line of descent is often not traceable. On the other hand, 
many of the earlh'r types of vegetation were of their kind more 
liighly organized than thtj^ir existing re])resentatives ; hc‘nce it is a 
cjuestion uhelher the latter ar<‘ really degenerate descendants from 
their progenitors, or whtdher the more highly endowed Lycopods 
and Eipiiseta, for instance, have not died out and become extinct, 
l^hallophylcs seem to have existed in all age^ much as we see them 
now. Vascular Ory[)logams and I.’onifert> t'arly came into exist- 
ence, and were, as we have seen, highly organized. Traces of 
Angiospermous Dicotyledons are not visible till a much more recent, 
but still inconceivably remote period ; while from the time of th(* 
Filocone and Miocene periods ^ there is a gradual increase in the 
number of forms, such as are now found iu various parts of the 
globe. 

Ill is clear, then, on the whole, that there has been a succession 
of vegetable tyj)e8, and a gradual progression in morphological 
complexity, but that such succession has been interrupted and not 
continuous in any one locality, that many links have been utterly 
lost, and many forms become extinct, so that the attempts made to 
create a “ phylogeny ’’ or genealogical history of the Vegetable 
Kingdom on so imperfect a basis as is now available must be 
accepted with great reserve. 
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CONTAINING THK 

JJOTANICAL NA&IES OP CLASSES, OIlDERS, AND GENERA, AND THE VJSRNA- 
CULAtt NAMES OP SPECIES REPERBEI) TO IN PAUT II. OF THIS WORK. 


Aheh, a4G. 

Abies, Tommef. 058. 
Arijctineje, S 58. 
Abroma, Jacfj. 

Abrus, Z. 250. 
Abainthe, 2i)2. 

Acacia, TViild. 264. 
Acalypha, Z. 006. 
Acanthacr-®, 022. 
Acanthera, iilG. 
Acauthodium, Del. 322. 
Acanthus, Z. 322. 
Acer, Z. 201. 
Aceraoea^ 231. 
Achillea, Aerk. 202. 
Acliiuieues, P. Hr. 324. 
Aciilamydea, 32V). 
Achlya, Neas, 4Zr2. 
Achras, 302. 
Acliyranthes, Z. 330. 
Acouitum, Tvurnef.VOO. 
Acorus, Z. 3{)0. 
Acuamphidrya, 180. 
Acrobuya, 180. 
Acrocbisma, llovk.Jil. 
432. 

Acuooens, 187. 
Acrofltichum, L. 419. 
Aetata, Z. lOO. 
Aclinocarpus, R. Br. 
389. 

Adausonia, Z. 221. 
Adenanthora, Z. 251. 
Adhatoda, Nees, 322. 
Adiantum, Z. 410. 
Adonis, DC'. 190. 


Adoxa, Z. 282. 
yKchmea, iC^j-i'.SSl. 
.Ailcidium, Gmel. 400. 
ylli<ilCEllAOEA2, 301. 
.t'E^^ic(‘ras, Z. 301. 
yEfripiiila, 321. 

Corr, 235. 

yEschynauthus, Jack^ 
324. 


:Es(:ul U8, Z. 230. 
./li^thalium, 471. 
yljthusa, L. 280. 
African Hemp, 380. 
African Teak, 340. 
Aoaricini, 403. 
Agaricua, Z. 4()2. 
Agathophyllum, Juss. 
333. • 


Agat botes, Don. 308. 
Agave, Z. 378. 
Agrostis, Z. 404. 
Ailanthus, Denf. 242. 
Aizoou, Z. 209. 
Ajuga, Z. 320, 
Alangiacea:, 203. 
Alangiuiu, Z. 20.3. 
Alariu, Greo. 451. 
AlcliemiU% Toamef. 


Alder, 345. 

Aldrovanda, Monti, 215. 
Aletiis, Z, 060, 
Aleurites, Forat. 330. 
Alexanders, 282. 
A^onsia, Kunth, 302. 
ALGiE, 414, 435. 


Ahjaroha, 254. 

Alhagi, 253. 

Aiisma, J\m. 380. 
ALISMACKJtJ, 388. 
Alkanet, 318, 
Allamanda, Z. .308. 
Allium, Z. 385. 
AJlosorus, Benxh. 419. 
AlUpive, 200. 

Almond, 258. 

Aluua, Z. 345. 

Aloe, Toarnef. 385. 
Aloes, 380. 

Alocs-iuood, 254, 330. 
Aloexyliini, 254. 

A Iona, Zindl. 317. 
AlopecuniM, Z. 404. 
Aloysia, 321. 

Alpiida, Z. 375. 

Alsine, Wahhtib. 210. 
Alsine2B, 219. 
Alsodtda, TJtouars, 210. 
Alsophila, R. Br. 419. 
AlsiDiiia, Z. 309. 
Alstrcemeria, Z. 378. 
ALSTROSMERIEiE, 378. 
Allhcea, Z. 221. 
Ajl'jtnuieje, 278. 
Alum-rout, 238. 
Alyssum, Z. 211. 
Alyxia, 309. * 

Amauantaceje, 330. 
Amarantus, Z, 330. 
Amaraiicheste, 471. 
Amarylleje, 378. 
AMABYLLIDAGEiB, 878. 
2 7,2 
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Amavyllid^y ;378. 
Amaryllis, L. 378, 
Amb'osinia, L. 398. 
American AloCf 370. 
Ammannia, llouat. 205. 
Amrai, Ihurnef. 282. 

A mmoniacumy 282. 
Amomum, L. 375. 

A morph ophallus, 
BlmnCj 307. 

Ampoloj sis, Itivh. 244. 
Ampiubbya, 180. 
AMYGDAl.EAi, 267. 
Aniyjfdaluft, 258. 

.VMYim)AOKj>R,«<’a llUT- 
seracf*a5. 

Amyiis, L. 248. 

ANArATlDIAflOiK, 210. 

Aniicliaris, Hah. 3H2. 
Ann^allis, Tonmef. J300. 
vViiagyrifl, L. 253. 
Anamiria, Cohh. 201. 
Anantissa, Lindl. 381 . 
Anaiidiia, Sietjeah. 293. 
Aiichusa, L. 318. 

A iidstrocladus, W \dl. 
225. 

Audira, 253. 

Atidraja, Bhr. 432. 
AM)BiEA(’EA-l, 431. 
Androgi'aphia, Wall. 
322. 

Andromeda, L. 290. 
Andropopcon, L. 403. 
Androsace, Towt'n. 301, 
Anemone, Haller j 190, 
ANKMONKiE, 190. 
Anothiim, L. 282. 
Angtdica, Jloffm, 280. 

Angelicay 282. 

A ngiopteri a, lloffm. 420. 
Angiospehmia, 19.3. 
Anyostura harh^ 241. 
Angrsecimi, Thmarsy 
374. 

Anim\, 254. 

Aniaey 282. 

AnnattOy 214. 
Anomochloa, 405. 
-\nona, L. 200. 
Anonace.®, 200. 
Anthemis, JDC. 292. 


Anthericum, L. 385. 
Anthistiria, X. 400. 
Anthocereia,Xrt6*7/. 310. 
Antho(^eiiotea2, 435. 
Anthoxanthiim, X. 404. 
Antliriscua, X. 279. 
Anthiirium, Schott. 397. 
Aiitiaris, lioaclt. 343. 
Antidesma, X. 343. 
AntiiThinum, X. 320. 
Apoiba, X. 224. 
Apetala^, 328. 
Aphanomycos, 45r>. 
Aplielexis, Dor. 294. 
Aphvllanthofl, ,385. 
Aptaoea?, 278. 

Apiiim, JTofftn. 282. 

A plectrum, Nutt. 'M A, 
Api.osporeA‘], 448. 
Apocynacea], 308. 

A pocymun, Tourucf, 

309. 

Aponogeton, Thuuh. 
389. 

A POST ARl ACKA5, ,* i7 4. 

Apple y 21^. 

Apricoty 268. 
Aquifomaokaj, 303. 
Aquilaria, Lam. .330. 
AtiUTLAElArKA'J, -‘liJO, 
Aquilegia,Xow/’«^. 100. 
Arabis, X. 211. 
Ahace.®, 390. . 
Aracliis, X. 253. 

Aralia, X. 282. 
Aualtacjkje, 282. 

A raucai'ia, Jtm. ,‘158. 
Arhor~mt(P^ ,301. 

Arhre du Voyat/ettry 378. 
Arbutus, Tmmef. 21 >0. 
Arcliangelica, Dloffm. 
282. 

Anf’msPEBMs, ,357. 
Arctium, Lam. 293. 
Arctostaphylos, Adam. 
297. 

Areca, X. ,301. 
Arcnaria, X. 219. 
Argania, Sch. 302. 
Arperaono, Toiomei 
207. 

Argyrophyllum, 287. 


Aristolochla, Toumef. 
365. 

AlUSTOLOCinACEA3, 

365. 

Armeria, Willd. 299. 
Armoracia, 212. 

Arnica, X. 292. 
Aroidk®, ,395. 
Aroniodendron, 199. 
Arracachuy 282. 

^ A7Toiv-rooty 370. 
An'ow-rooty Portland 
,307. 

Arriidea, St.-Jfil. 227. 
Artanthe, M!q. ,348. 
Artemisia, X. 292. 
Artichohcy 293. 
Ajitocarpacea;, ,342. 
Artucarpus, X. 342. 
Arum, X. .*100. 

Arundo, Tj. 405. 
Aaafaliday 282, 
Asagnea, TAndl. 387. 
Asarum, Tournef. 355. 
Asct.epiadac’eaj, 309. 
Asclepias, X. 310. 
Ascobolus, Pcrs. 465. 
Ashy 305. 

Asparagus, X, 385. 
Aspai'ayfiSy ,386. 
Aspergillus, Mich. 407. 
As)iidistra, Ker, 385. 
Aspidium, SwartZy 419. 
Aspidosperma. M. (J Z, 
309. 

Asplenium, X. 419. 
Assafn 7Va, 227. 
Astelia, Banksy 399. 
Aster, Ne^Sy 291. 
Aaterantbog, Desf.^^l. 
Astilbe, Ham. 200. 
Astrag^us, X. 250, 253. 
Aatrantia,7bMm<?/’. 279. 
Astrocarpus, Neck. 214. 
Astrocaryum, ,394. 
Astroloma, It. Br. 298. 
Ataccia, B. Br. 309. 
Atelanthera^ Hook. f. 
212 . 

Athebosfekmacejs, 

,334. 

AtripleZ; X. 331. 
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Atropa, Z. 310. 
At^opacejk, 315. 
Attalea, Ji. B, K. 391. 
Attar Boses, 258. 
Auhei'^ne, 317. 
Aucklandia, 293. 
Aucuba, Thtmh. 283. 
Auhantiackac, 236, 
241. 

AuriciUa^dOl, 
Australian. Tea, 24L 
Australian Currants, 
287. 

Autmmi Croctis, 387. 
Ava, 348. 

A vena, Z. 404. 
Averrlioa, L. 237. 
Avipeiiniii, L. 321.^ 
Avocado Pear, 333. 
Azaliya, i. 297. 

Bacillus, 472. 

Bacteria, 471. 

Ba^ckia, Z. 250. 

Bad fruit, 230. 

Bajrce, 400. 
Balauophora, Forst. 
353. 

Balanopuohackjr, 

353. 

Ballota, Z. 320. 

Balm, 321. 

Balm o f Gilead, 248. 
Balm of Mecca, 248. 
Balsam of Copaiha, 254. 
Batsam-of-Gilead Mr, 
3<K}. 

Balsam of Bern, 254. 
Balsam of Tolu, 254. 
Balsaminaceaj, 238. 
Balsamodendron, 
Kunlh, 248. 

Bamboo, 405. 

Bambusa, Z. 404. 
Banana, 377. 
Baoisteria, Z. 233. 
Banksia, L,JU, 330, 
Baobab, 222. 

Baphia, 254. 

Baptisia, 253. 
Barbaceuia, Vandelli, 
380. 


Barhadocs Cherrp, 233. 
Barhadots Gooseberry, 
277. 

Barclaya, Wall 204. 
Bark, Jesuits', 287. 
Bark, Winters, 199. 
Barleria, Z. 322. 
Barlrtf, 405. 

Barosma, Willd. 241. 
Bauuingtoniace.?*:, 

• 201 . 

Bartonia, Bims, 276. 
Bartramia, lledw. 

432. 

Bar~wood, 254. 

BjiscUa, Z. .332. 
Basej.lacka:, 332. 
Ba.si diom yc ktks, 

401. 

Basil, 321. 

Bassia, Kbn, 302. 

Bast, 224. 

Batarrhca, 404. 

Batis, P. Br. 341. 
Bauhiiiia, Blum, 254. 
Baydrce, 3.33. 
Bdellium, 24H. 
BeaU'^apers, 240. 
Beans, 2.>2. 

Beamne d cochon, 248. 
Beech, .'kll. 

Beef -wood tt'ces, 347. 
Beet, HIM. 

Befaria, Mutis^ 207. 
Begonia, Z. 274. 
Bi:aoN lACEyE, 27 4. 
Belladtmna, 310. 
Ik'lkmdona, It. Br. 330. 
Belvisiace^, 201. 
Bmyal Hemp, 253. 
Berv~nnts, 255. 

Benzoin, 2((2, 303. 
Benzoin, Nees, 3-33. 
Bkiibebidacea:, 202. 
Berberis, Z. 202. 
Berberry, 202. 
here. 400. 

Bergamot Orange, 

230. 

Bugera, Kom. 235. 
Beta, Toumef. 837. 
Betel-nuts, 894. 


Betony, 321. 

Be tula, Z. 345. 
Betulaueai;, 345. . 
Bibiri, 333. 

Big, 400. 

Bignoiiia, Z. 322. 
Biononiacka-:, 322, 
BlGNO.VlAI.ES, 322. 
Bikh, 108. 

Bilht^'ry, 207. . 

Bilirnbi, 237. 
Billardicra, Bmith, 

243. 

Billbergia, Thanh, m. 
Bindweed, 312. 

Birch, 345. 

Bird-lime, 303. 
Birth-wort, 355. 
Bittersweet, 314. 
Bitter-wood, 242. 

Bixa, Z. 214. 
Bixapea?, 214. 
Blackberry, 258. 
Blackwellia, Commers. 
275. 

Bladdcr-nut, 231. 
Bladder-senna, 253. 
liladder-wrack, 450. 
Blasia, Mich. 434. 
Blechnuiii, Z. 419. 
BUmbing. 237. 

Bliium, Z. 3:51. 
Blood-root, 207, 380. • 
Blumenbacbia, Schrad. 
275. 

Bocagoa, St.-IIilaire, 

200 . 

Bocconia, Z. 207. 
BoBhmeria, Jacq. .‘541. 
BcRHAlE1ilE.E, 341. 
Boerhaavia, Z. 330. 
Bog-mosses, 4.32. 
Bog-myrtle, 344, 

Bois de Cohphane, 

248. 

Bolax, Commers. 280. 
Boldoa, Juss. 201. 
liuletuH, HiU. 4(52, 
Bombacejg, 221. 
Bombax, Z. 221. 
Bonnettiac, 220. 
Bonplandia, 241. 
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Jloupis, JuAR, 289. 
BoragCf 318. 
llOBAOINACKiE, 817. 
Ilorago, I'ouvfwf, 318. 
lloraflsus, X. 391. 
Bord4.^aux Turpentint. 
3C1. 

Boronia, Smith, 241. 
Boflcliia, 222. 
Boswollia, Itoxh. 248. 
Botany-Bay Gunif 
380. 

Botrychium, Sivartz^ 
420. 

Breh. 452. 
Botrvfliuni, Wullr, 

452. 

Botffe-hrtish plants, 
2(K). 

Boiif^ainvillea, »‘i.30. 
Boiostrifig Hemp, 380. 
Boaivood^ 340. 
BrachychitoJi, 223. 
Hrachystolma, 311, 
BraHonia, X. 204. 
Braaaica, X. 211. 
Brayera, Kwiih, 268. 
Brazil-nut, 201. 
Brazil-wood, 264. 
Bread-fruit, 348. 
Brovcoli, 2J2. 

Jiromolia, X. 381. 
BllOMELIACKiR, 381. 
Bromus, X. 404. 

Broom, 253. 
Broom-Jiapes, 324. 
Brosimuni; Sioarz, 34.3. 
Broussoiietia, Vent. 34*3. 
Bruce^ Milk7\ 242. 
Bruf^era^ Lam. 2(31. 
Brunia, X. 278. 
BRliNIACEjE, 278. 
Brunoniaceas, 204. 
llllYACEiR, 431. 
Biyonia, X. 273, 274. 
Bryony, black, SOO. 
Bryony, white, 274. 
Bryophyllum, ScUisb. 
267,208. 

Bryopflis, Lamx. 452. 
BryuiD, X. 432. 

Bucida, X. 262. 


Buckeye, 230. 
Bucklandia, 2?. Br. 278 
Buckthoi'n, 240. 
Buckthot^, Sea, 336. 
BuckUf^^l. 

Buckwheat, 330. 
Buddleia, Lindl, 306. 
Buettii(3ria, see 
Byttneria. 

Bngloss, 317. 

Buh'ush, .395. 
Bupk^urum, Tournef. 

Burdock, 293. 
Burgundy Pitch, .301. 

J lu IlM AN NT A rEAC, 37 4. 
Bui'sera, Jacq. 248. 
HuUSKtlACFiAO, 248. 
Butcher's Broom, 387. 
Butea, 253. 

Butomkje, .389. 
Butoniua, Tournef. 389. 
Buttercup, 189. 
Butter-nut, .350, 
Butler-worts, .328. 
Bdxackje, 340. 

Buxus, Tourwf. 340. 
Byttiicria, Laffi- 223. 
ByttneuiacewE, 223. 

Cabbage, 212. 
Cabhage-pa^i, .394. 
Cabomba, X. 204. 
CADOMBACEiE, 204. 
Cacao beans, 224. 
OACTArBA?, 270. 
Cadaba, Porsk. 212. 

' Ofesalpinia, X, 251. 
CACSALPlNTEiR, 250. 
Cajffh'-hread, 300. 
Cahinca-ront, 287. 
Cajaims, 263. 
Cujeput-oU, 200. 

Cakilo, Townef. 211, 
Calabar-bean, 253. 
Calabash Nutmeg, 200, 
Calabash-tree, 2()0. 
Caladiuin, Vent, 890. 
Calamagroatis, 406. 
Calamander^vood, 303. 
Calamites, 418. 

Calamus, X. 391 . 


Calceolaria, FeuiU. 

326. 

Calendula, Neck. 293. 
OaUa, X. 396. 
Callistemma, Cass. 293. 
Callithamnion, Lijngb. 
447. 

CALLITBrCHACKil!:, 

.349. 

Oallitriche, X. 349, 
Callitris, 3(10. 
Calopbyllum, X. 227. 
Ckdotbrix, Agh. 464. 
Calotropia, B. Br, 311. 
Caltha, L. 196. 
Calumha-root, 201. 
Cat.ycanthacea*:, 258. 
(IJalycaiithus, Lindlt 

Calycora, Cav. 280. 
CAlAOKIlACKAiJ, 289. 
CALYCIKLOIliE, 244. 
Cidystegia, It. Br. 312. 
Calytrix, Lahill. 261. 
Carnassia, .380. 
Canibof^ia, X. 227. 
C'amollia, X. 220. 
CAMELlJACKiE, 226. 
Camel-thorn, 25.3. 
(Jamtn’aria, Plum. 300. 
Camomile, 292. 
Campanula, X. 295. 
Campanulack.®, 296. 
Camphor, 333. 

Camphor, Sumatran, 
225. 

Camphora, Nees, 33.3. 
Cam-wood, 264. 

Canada Balsam, 361 . 
Canada Bice, 4()6. 
Canarium, X. 248. 
Canm'y Creeper, 239. 
Canary-seed, 4(16. 
Candle-tree, 32.3, 
Candollea, Lahill. 198. 
Canellaceas, 304. 
Canes, 394. 

Ganna, X. 376. 
Cannabine^, 342. 
Cannabis, Tournef, 

342. 

Camionrball tree, 261.^ 
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Canterhury Belkj 296. 
Caoutchouc, 2143. 
Caoidckouc^ottlef J139. 
Caper, 2123. 
CAPPABIDAOEiB, 212. 
(^apporis, L. 212. 
(jAPBlFOLlACEiE, 284. 
Caprifolium, Tmirwf, 
285. 

Capa4ila,»F(pwA 211. 

( ^Japsi cum, TourMf . 

;{14. 

Carambole, 237. 

Carana renin, 248. 
(’arapa, AuhL 2234. 
Caraway, 2^2. ^ ^ 
Cardamotmt, 2*70. 
CardioBjKjrmum, L. 

2!30. 

Cardoon, 20.3. 

(^nrduna, Garin. 204. 
Caiu^x, Mich. 400. 

Carica, L. 270. 

('^ari.ssa, X. 2309. 

C/avlina, Tdurnef. 2023. 
Carludovica, Ji. ^ P. 
2395. 

(yarniichrelin, Grev. 252. 
Carnation, 220. 

Carobs, 254. 

Carolina PinJc, 307. 
tJarpinuB, X. 2J50. 
Carrayecn, 448. 

Carrot, 282. 

('arthamus, Toumef, 
2923. 

Canim, Koch, 282. 
(Jarya, iVW/. 2350. 
Carjocar, X. 22(5. 

("ARYOPHTIiLACEAfi, 

^8. 

Cargophyllus, Tournef. 

(.aryota, X. 391. 
CaacariUorharh, 340. 
Caseaiia, Jacq. 271. 
Caahew^nut, 247. 
Ciwjjflt’a, 340. 

(Cassia, X. 261, 2o4. 
Caasia^harh, 3233. 
Cassipourei^y AM. 262. 
Cassytha, X. 333. 


CaBtanea, Garin. 350. 
Castilloa, 343. 

Caator~oU, 3239. 

Casuarina, X. 346. 
CA8UABINAOBA3, 2346. 
Catalpa, 2322. 
Catasotum, Kich. 372. 
Catechu, 254, 206. 

Catba, Forak. 246. 
Cathartocarpus, Pera. 

• 252. 

Cauliflower, 212. 
Caiilinia, 

Oaulophyllum, Michx. 
202 . 

Caymne^peppcr, 310. 
Ceaiiothus, X. 246. 
Cccropia, X. 343. 

Cedar of JLcbanon, 300. 
Cedar-wood, 248. 

C^drat, 236. 

Cedrola, X. 2234. 
CHDBKI4ACK-®, 2234. 
Cedron, 242. 

Oodrus, X. 2300. 
Oklastbacbjb, 245. ^ 
Celastrus, Kunth, 24o. 
Celery, 282. 

(^elosia, X. 23230. 
(/BLTEA3, 2344. 

Coltia, Toumef. 344.^ 
Ontaurea, Lena. 203. 
Ceuiradeiim, Don, 

2023, 

CentranthuB, DC. 288. 
Controlopis, LabiU. 

309. 

(!epha<3lis, Sxc. 287. 
Ceplialantliufl, X. 287. 
Cephalotaxus, Zwc. 

Ce]jhalotu8, DdbiU. 206. 
ClflBAMlBJB, 447. 
Ceramium, Adt^na. 

447. 

CeraHtium, X. 219. 
(jerasus, Jma. 268. 
Ceratonia, X. 251. 

CEBATOPHYLI.ACBiB, 

348. 

Cferatophyllum, X. 

2348. . 


Coratopteris, Brongn. 
410 


(leratoflicyoBj Neea, 270. 
(Jerbera, X. 2309. 

Cereal yraina, 400, 
Coreus, JIaw. 270. 
Ceroxylon, H, ^ B. 

2501 . 

Oestrum, 310. 

Oeturach, Adana. 419. 
(Jetraria, Ach. 409. 
CevadiUa, 2387. 

OhaiUetia, DC. 240. 
Chaiixetiackjb, 246. 
Ohamsedorea, WiM. 

391. 

CHA^tJBLAXJCIACEJE, 

201 . 

ObamsBTops, X. 2391. 
Chainamicles, Lindl. 
250. 

(3hara, X. 444. 
OllABACEiE, 444. 
Ohavica, Miq. 2547. 
(IJhftirantbus, P. Br. 

211 . 

Cheirostemon, X. 223. 
(/hflidonium, Toumef. 

207. , 

OUENOPODIACKAC, 2331. 
Chc*nopi)dium, X. 2331. 
Cherinim/a, 2()0. 

Cherry, 2.58. 

Cherry, Cornelian, 284. 
Chcrry~laurel, 268. 
Chervil, 282. 

Chestnut, 351. 

Chibou resin, 248. 

Chick Pea, see C^cer. 
Chicory, 293. 
Chimapbila, Purah, 
207. 

ChimonantbuB, Lindl. 
260. 

China Aster, 293. 
ChinarToot, 384. 
Chiococca, P. Br. 287. 
(^hiouanthuB, X. 306. 
OiireUa, 2508. 

Chive, 2386, 
CHLiBNACBJi, 226. 
C'hlora, X. 2508. 
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Chloranthackas, t‘i47. 
Cblorauthjis, Swartz, 
347. 

Ohloroxylon, DC. 2J34. 
Chocolate, 224. 
Chondodendron, It. 8fP. 
20J. 

Chondrus, Grev. 447. 
Chorda^ Stackh. 430. 
Chorozema, Lahill. 230. 
Chrvsantliemum, DC. 
203. 

Chrysanthemum, 203. 
Chby80Balank-'E, 237. 
Chryaobalanus, L. 237. 
Cliryflopliyllum, L. 302. 
(^hylocladia, Grev. 447. 
Chymorarpu8,7)o/i, 230. 
Cl^iidium, Al. Hr. 

Oicer, Tournef. 23.3. 
(’ICUORACE.E, 202. 
Cichorium, Tournef. 
21)3. 

Cicuta, X. 270, 281. 
Cinchona, X. 287, 
Cinchona, 287. 

C INCHON EiE, 280. 
Cinm'aria, 203. 
Cinnamomum, Durm. 
333. 

Cinnamon, 333. 

Circroa, Tournef. 204. 
Cissampoloa, X‘. 201. 
Ciasiis, X. 244. 
ClSTACRA', 214. 

CistiiH, Tournef. 214. 
Citron, ^33. 

Citrosma, Sf P* 201 , 
Oitrulliia, Neeh, 273. 
Citrus, X. 233. 

Cladium, i?. Pr. 400. 
Cladonia, PLojfm. ,400. 
Clarkia, Purm. 204. 
Cl^hrocystis, Henf. 

ClathruB, Mich. 404. 
Clavaria, X. 402. 
Clavarimj, 402. 
(ylavicops, 468. 
Cla3rt(>nia, X. 200. 
Clearing^ut, 307. 


Clematideas, 100. 
Clematis, X. 100. 
Cleome, DC. 212. 
(‘leomeas, 212 . 
(^erodondrou, X. 321, 
Cloflteriuin, Nitszch, 
434. 

Chve^nntmegs, 333. 
Chrer, 2rr2. 

Cloves, 200, 
Club-Mosses, 423. 
Cluaia, X. 227. 
(yliUSIACEJE, 227. 
Cluster-pine, 300. 
Cluytia, Ail. 3,38. 
Cneoriini, 242. 

Cobjea, Car. 311. 

Coca, 234. 

C<ioij(iloba, Jacq. 320. 
Cnofiidns, DC. 201. 
Coceulm imlicus, 201. 
Cochineal, 277. 
Cochlearia, X. 211. 
Cock's-vomh, 331. 
Cocoa, 224. 

Cocoa-nut, 303. 
Cocoa-nut oil, 304. 
Cocoa-plum, 268. 
Cocoes, 307. 

Cocos, X. 301. 
(^)danuiTi, Solrind. 254 
(Jodium, Stackh. 452, 
Coelebogynd, J. Sm. 
3;]8. 

Coftca, X. 287. 
(Iokeea:, 287. 

Coffee, 287. 
dnr, 304. 

( 'oix, X. 403. 

Co\fi, Schott. 223. 
Culchiciim, Tournef. 

385. ^ 

Colchicum, 385. 
ColcochiDte, Br^h. 462. 
Collema, Ach. 400. 
O^lletia, Comm. 240. 
CoUomia, Nutt. 311. 
Collophora, 300. 
Colocasia, Ray, 390. 
Colocif nih, 274. ^ 

Coltsfoot, 293. 
Colwhbme, 198. 


COLUMEl.LIACEJB, 324. 
Colutca, 252. 
CoMTiUKTACBA2, 202. 
COMURETKiE, 202. 
Combrotum, Loiffi. 202. 
Comiuolyiia, Dill. i387. 
CoMMELYNACKA2, 387. 
CoMPOSiT.®, 280. 
Comptonia, Panics, 345. 
C( )naTithera, 12. ^P. 385. 
* CoNEEllVAi, 461. 
Confer voii)E.E, 461. 
CoNlFKRAO, 368. 
Ci)niiim, X. 270, 281. 
(5ox.j[j(iAivE, 463. 
CoNNARACEAi, 247. 
Oonocarpus, 202. 
(yonvallaria, Desf jlOo. 
CoNV(>l,Vl71,A(?EAJ, 31 2. 
(^mvulvulua, X. 312. 
Oookia, Sunner. 235. 
Copaiba, 254. 

Copnifera, X. 251. 

Copal, 264. 

Copal, Indian, 225. 
Copornicia, Mart. 304. 
Coprosma, Forst. 287. 
Coptia, Salisb. 108. 
Coquillor^iut, 394. 
Corallina, Tournef. 

447. 

CORALLTNKA!, 447. 
Corallines, 448. 
CoilALLORHlZA, 374. 
Corobonis, X. 224. 
Cordia, IHum. 317. 
CORl)IACKA3, 317. 
CORDYLINE, 380. 
Corema, Don, 341. 
Coriander, 282. 
Ooriandrum, X. 28(i. 
Coriaria, 242. 
COBARIEA3, 242. 

Cork- Oak, 361. 
CoEMOPHYTA, 408. 
CoRNACEAS, 283. 

Cornus, Tournef. 283. 
CoROLlA FLORA?, 284. 
CoroniUa, X. 263. 
Correa, Smith, 241 . 
Corsican Moss, 448. 
COBTICIUM, 402. 
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(^orydaJis, DC. 208. 
Coryliis, X. 060. 
(JoilYMBlPEBA?, 292' 
CaAmuriiiiU; Metiegh, 
454. 

Coitus, Z. 076. 

CosttiSj 290. 
CotCon-grasSf 402. 

Cotton-plaiitSj 222 . 
Cotyledoft, DC. 207. 
Couc7i-f/ra«fs, 400. * 

Cuutarea, 2H7. 
Cowhagty 260. 
Cow-gmnt^ 0] 1 . 

Cowine Pine, 000. 
Cowslip, 001. 

Coio-treoj 000, 040. 
Cr^be, Tonmef. 211. 
Cranberry, 2J)7. 

Crane' sr^iills^ 207. 
Crasfliila, Haw. 2(57. 
(jRASSULACEiltJ, 207. 
Cjiassulrje, 207. 
C3ratflBgus, L. 258. 
CrataDva, L. 216. 
Crawfurdia, Wall. 008. 
Creasote-plant, 240. 
CllKMOSPKJlMEJG, 270. 
Crcsceiitia, L, 02k 
OllESCKNTIACEiE, 022. 
Cress, 212. 

CRIIIliAEEA, 471. 
Crithmum, Toanwf. 
282. 

Crocus, TfM)*nef. 081. 
Crosfhflowars, 209. 
Orota t. ar 1 A, 252. 
Croton, X. 008. 
Croti/nroil, iltOO. 
Crowherry, 041. 

Crown ImpeHal, 080, 
(yROZOWIORA, 040. 
Crucifeiue, 2(M>. 
Cryptocarya, 000. 
CllYPTOOAMTA, 408. 
Cryptoineria, Don, 068. 
CRYPTONRM1EA3, 447. 
Cubeba, Miq, 047. 
Cabehs, 048. 

Cucumber, 274. 
Cucumis, X. 273. 
Cucurbita^ X. 270. 


CuCURBITACEAfi, 271. 
Cudbear, 470. 
CumiDuin, X. 282. 
Cummin, 282. 
Cunuinghamia, R. Br. 
069. 

Cunonia, X. 20(5. 
CUNONIE^E, 2(50. 
Cupania, X. 200. 
(^uphea, Jacq. 205. 

* (yUPRESSlNEAi, 058. 
Cupressus, Tounwf. 
0o8. 

CuPtJLIFERAS, .‘560. 
Curaqoa, 200. 
Curculigo, OfBrtn. 070. 
(Uircunin, X. .*57(5. 
Currant {praiu^), 244. 
Currants, 277, 287. 
Cuscuta, Tournef. 012. 
ClJSI'ARlEiB, 241. 
Custard-apple, 200. 
Cyatheui, Smith, 410. 
Cyatukeje, 419. 
Cycadaoe^j, 004. 
Cycas, X. .‘505, 
Cyclamen, Tournef, 
001 . 

CYcr.ANTirE.®, 005. 
Cyclaiitbus, Pott, .‘505. 
Cycbicodon, 2515. 
Cycnochow, Lindl. .‘570. 
Cydonia, Tfmrnif, 258. 
Cynancliuin, X. 010. 
CV.NAREAJ, 292. 
(^ynodon, Rich. 40(5. 
Cynomoriuiu, Michel. 
‘06.0, 

Oynosurus, X. 4(X5. 
(Jypeiiaceao, 4(K). 
Cyptjrus, X. 4(X). 
CvpurEJB, 296. 

Cypress, 061. 

Cypress (deciduous), 

001 . 

Cypripedium, X. 071. 
Cyrillaokab, 004. 
Cyrtaiidra, Forst. 024. 
Cybt.indreuE, 324. 
Cygtoptexis, Bemh, 419. 
Cystoptjs, 467. 
Cystoseira, 4 ^gh, 449. 


Cl-TINACEJE, 064. 
Cytinus, X. 064. 
Cytisus, 260. 

Dacrydium, Sol. i501. 
HacryiiiyceH, 4(32. 
Daffodil, .079. 
Dtdik-trees, 260. 
Dahlia, 29.*». 

Daisy, 200. 

J lalbtu'gia, X. 250. 
Dammar Pine, ;)(50. 
Dammar Pitch, 226. 
Dammara, Humph. 

:m. 

Dafnson, 268. 

Danar^a, J. Sm. 420. 
Dandelion, 290. 
Daphne, X. .*5.* 55. 

DAPHNIPHYLLACEAi, 

040. 

Darlingtenia, Torr. 205. 
Darnel, 400. 

Date, 004. 

Date-plum, 000. 
Datirtca, X. 276. 
Dati8Ca<ieas, 276. 
Datura, X. .‘514. 

Daucus, X. 280. 
Deciduous Cypress, 061, 
Dchaasia, 000. 
Delabecliea, 220. 
Del(*s.s»*ria, Lama'. 447. 
Delesskrik.e, 447. 
Delima, X. 15)8, 
Delphinium, Tournef. 
190. . 

Dendromeciin, 200. 
Deodar, .‘500. 

Dermatia, Haw. 4(55. 
Dermatocurpon, Fschtr, 
4(39. 

Dc^sfoniainea, B. & P. 

000. 

Desmarcstia, Lamx. 
460. 

DKsmT>iE.a:, 464. 
Desmidium, Ayh. 464. 
Desmodium, 252. 
Desvauxiaceas, 099. 
Detarium, 261. 

Deutzia, Thunb. 260. 
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Dhoom pitchy 22C. 
J)ialium, 264. 
Diamorpha, Nutt. 207. 
DrAMOBPHE-*, 207, 
DianthuB, L. 210. 
IllAPENSlACK^, 311. 
lliatoma, DC. 454. 
DlATOMACEiK, 464. 
Diatomeje, 464. 
IHcontra, Borkfi. 2(W. 
Dichsona, jFVws, 408. 
Dicotylbsdonkb, 19.M. 
Dicrauum, Htdm. 432. 
IHctamnuB, L. 241 . 
]>1CTY0<4ENS, 187. 
Diclyopteris, Lantx. 

Dic^osiphon, Gret. 

Pictyostelium, 471 . 
Dictyota, Lamx. 448. 
DldTYOTACKiE, 448. 
Ilidymium, 470. 
Dipffonbachia, Schutt. 
300, 

Dielytra, 208. 

Dier^illa, Tourtuf. 286. 
Digitalis, L. 320. 

1 )ilkea, Mast, 270. 

Dill, 282. 

Dillonia, L. 198. 
Dillentack^, 198, 
l)ion» Lindl. 305. 
DionsBa, EUis, 216. 
DioBCorea, L. 3(59. 
DlOSCOllRACEA-J, 3(J0. 
Diosnia, Z. 241. 
DioBpyros, Z. 302. 
Diphaca, Lour. 261,265. 
Dipladenia, DC. 3()0. 

1 )ipl()clini mil, Liudl. 275. 
Diplophroctuiu, Deaf. 
224. 

DrPLOZYGT.®, 280. 
PiPSACE^s, 288. 
Dipsacus, Toume^SS. 
Dipteeacea!, 226. 
Diptorocarpus, Oeertn, 
t2ri. 

Di^teryx, Reinw, 261, 
Diachidia, It. Br, 311. 


Discomycetes, 406. 
Dittany CreUj 321. 
IHvirdm, 264. 

Docks, 3.30. 

Dodders, 313. 
Dodonejb, 230. 
Doy-hanes, .‘508. 
Dog's-tooth, .‘580. 
Dog-oioLet, 217. 
Doqtoood, 284. 

Doiichos, Z. 26.3. 
Dombeya, Car. 22.3. 
Dorema, Dm, 282. 
Doroniftum, L. 292. 
Dorypliora, Endl. .3.‘54. 
Dorsleiiia, Plum. .*540. 
Doum Palm, 304. 
DracRiiia, Vand. .‘58.5, 
Dracontium, Z. .*597. 
Dragtm's-hhiod, .3(54. 
Dragan's-mouth, 327. 
Dragourtree, .’58(5. 
Drakea, Lindl. .372. 
Draparnaldia, Borg, 
432. 

Drimys, R.Br, 191. 
Droaem, Z. 215. 
DflOSEltACEJH, 215. 
l)uiTPAnE.a<:, 257. 
Drjobalaiiopa, Gartji. 

Duboiaia, B. Br. .*510. 
Duckweed, ‘397. 
Dugnetia, Ht.-Hll, 200. 
Dulse, 448. 

Dumb-caue, .397. 
l)uiif»a, B. dr Mant. 
4.'55. 

Durian, 221, 222. 
Durmast-Oak, .‘555, 
Durra, 40(5. 

Dutch Myrtle, 344, 
Dyer's broom, 263. 

Eagle-wood, 264, 330, 
Erenacejb, 302. 
Ehoe-nut, 253. 

Ebony, 303. 

Ecbaiiitm, Z. C. Rich, 
273. 

Ec'crc^mocarpus, R. P. 
322. 


EcbinocactuB, Link 4* 
Ott. 270. 

Echinopbora, Z. 279. 
Echitea, R. Br. 300. 
Echium, Z. 318. 
Ectocarpus, Lyngh. 

460. 

Eddoes, 397. 

Egg-Apple, 317. 
EHllETlACB.fl?, 818. 
'♦ELASAaNAClSJE, 330. 
bllscagniiB, Z. 330. 
Elreocarpiis, Z. 224. 
>Ha)odondr(m, Jacq. 
245. 

Elaia, Jacq. 391. 
lOlaphriiim, ,Tacq. 248. 
Klaterium, Jacq. 2^.3. 
Elaterium, 274. 
KlatinacKuB, 229. 
Elatino, Z. 229. 

Elder, 285. 

Elecampane, 202. 
EUmi, 248. 

Eleocbaria, R. Br. 401 . 
Elephant's cars, 274. 
IClettaria, 37(5. 
Eleuaino, 400. 
Eleutherine, 381. 

Elm, 424. 

Elodoa, Adam. 382. 
Elymua, 407. 
Es\pKTRACEiE, 340. 
Kmpt^tnim, Z. 341. 
Knealypta, Hedw. 432. 
Encepbalartos, Lehm. 
306. 

Endive, 293. 
Endocarpon, Hedw. 
409. 

Endogens, 187, 307. 
Entada, Z. 252. 
EPAOBlDACEAi:, 298. 

Epacria, Sm. 298. 
Eperua, AuU. 264. 
Ephedra, Z. 3(53. 
Epilobium, Z. 2(54. 
Epimedium, Z. 202. 
Epiphyllum, 277. 
Epipogon, 374. 
Equisetace.s:, 416. 
Equiaetum, Z. 417. 
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l^iranthiH, 198. 
lOrica, i. 296. 
£iiicace.ss^ 296. 
Ericejs, 290. 
Ebiocaulace^, 399. 
l^riocaulon, X. 399. 
Erioffoniiiu, L, C. Rich. 
329. 

Eriolaeua, D.C. 223. 
lOriolpBTieaff, 223. 
J^riophoriim, i. 401. 
ErioMtemou, Smith. 

241. 

Erodium, Ilcrit. 238. 
Eropliila, DC. 210. 
Ervulu, Touj'n. 2^1). 
Ervngiuin, Tmruef. 

Erynffo, 282. 

I^ryftimuiii, X. 211. 
Erpipbo, Hetho.fil. 
400. 

I^rythrtea, Rm, 308. 
lOry th roiii mu , 386. 
ErvtliroapoiTOura, Xam. 
214. - 

Eb ythroxyl ace jk, 
234. 

lOrythroxylon, X. 234. 
lilscalloiiiu, Muik, 207. 
EsCALI.C)N 1 E.E, 20(i. 
JOsohHcholtzia, Cham. 
207. 

J^Hpnbeckea, XT. B. K. 
241. 

Ruparto, 407. 
biiiaHtrum, Rh?'. /3o4. 
JDucalyptiis, Jlerit. 

200 . 

ICiigenia, Michel. 239. 
lOuonyinus, Tuurnef. 
243. 

Eupatorinni, 293. 
ICiiphorbia, X. 338. 
EupHORiiiArKi*:, 337. 
Euphwhium, 3ii8. 
Euphrasia, X. 32(J. 
Eiirotium, 406. 
lOurya, Thunh. 220. 
Euryangium, 282. 
l^uterpe, 394. 

Euryale, Sdiah. 204. 


Eutassa, 360. 

Eutoca, R.Br. 311. 
Eoenvng Primrose , 203. 
Evergreen Oakf 3/51. 
Everlasting Flowers, 
293. 

Evomia, Ach. 469. 
Exaciiiu, X. 307. 
Excoccaria, X. 339. 
Exogens, 187. 
•Exogonium, Chois. 312. 

Faba, 2o2. 

Fagonia, Tottmef. 240. 
Fagopyrum, .330. 
Fagriua, 21iunh. 300. 
Faguft, X. iFiO. 

Ft^dia, Mwnch. 288. 
IA*gati‘lla, Raddf 434. 
Fennel, 282. 

Ferns, 419. 
bV'roiua, Corr. 23o. 
Forraria, X. .*i81 . 
Forula, X. 280, 282. 
Fescue, 405. 

Fostuca, X. 404, 
Feiiillifa, X. 273, 274. 
Ficoidkaj, 209. 
l^’icus, Tournvf. 342. 
Figs, 343. 

Filbert, .351. 

Fimck.s, 419. 

Fir-trees, .3(10. 
Flacourtia, Cotum. 214. 
FLACOURTIACEiE, 214. 
Flay Order, 380. 

Flags, 381. 

Flax, 230. 

Flax, New-Zcaland, 

380. 

Flea-seed, 298, 
Flindorfiia, R. Br. 234. 
blocrkaa, Spr. 230. 
Fi.owKRiNij Plants, 
103. 

Flowebless Plants, 
408. 

F'odder-grasses, 400. 
Foenipulum, Adans. 

^2. 

Fontinalis, X. 432. 
FooCs Parsley, 281. 


Forbesia, Echl. 379. 
Forbidden-fruit, S235. 
Forgefj-me^not, 318. 
Forskulilia, 341. 
Foii8k6hi.ika5, 341. 
FolhoTgilla, L.f. 278. 
FoTUKUGlLLKiE, 27H. 
Fourcroya, Vent. 378. 
Four-o'doek plant, 330. 
Poxglove, 327. 

Fragaria, X. 257. 
Fbancoaceas, 207. 
Frankeuia, X. 217. 
Fbankkniacea*:, 217. 
Frankincense, 248. 
Frankinceme-pine, 360. 
Frtuscva, Walt. 308. 
Fraxineas, 300. 
P'raxinella, 241. 

F raxiims, Toumef. 304. 
Fremontia, Hook. 223. 
Fuemontiea:, 223. 
French bei'ries, 240. 
FreycinHia, Gand. 3i)5. 
Frezia, 227. 

Fritillaria, X. 380. 
Frog-hit, 382. 

Frullania, Nees, 434. 
FuCACKiE, 449. 
Fucbsia, Plum, 204. 
Fuciw, X. 450. 

Finuaiitt, Tournef. 250. 
Fl'MAlllACE.E, 207. 
Fumitorg, 208. 

Fuimria, Hedw. 432. 
Fmdunji, 406. 

Fungi, 411, 455. 
Ftngus inclitensis, .354. 
Fimlda, Spr. 385. 
Fuaanus, 353. 

Fustic, 247, 343. 

Oagea, 380. 

Gaimardia, Gaudich. 
399. 

Galangah-root, 370. 
Galanthiis, X. 378, 
Gcdbantini, 282. 

Galipea, AuM. 242. 
Galium, X. 287. 
Qama-grass, 406, 
Gambeer, 287. 
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Gamboge^ 227. 
Gamoi^etat.^; 284. 
Garcinia, Z. 227. 
Gardenia, 7iV/. 288. 
Garden^Nasturtiums^ 

2m. 

Gof'lic, 88(5. 

Garlic Pear, 218. 
(UuilYACEjE, 8ol. 
Gasteuomycetks, 

404. 

Gaudichaudia, 288. 
Gaiiltheria, L. 207. 
Goissoloma, Lmdl. .‘J40. 
Gelsuniutn, L. 80(j. 
Geniostouia, 80(5. 
Genipa, 287. 

GfiniHta, L. 288. 
Gentian^ 808. 

Gentiana, L. 807- 
(tENTIANAOK.TJ, 807. 
Gentian flla^ 808. 
(leocalyx, NceSf 484. 
Geoffi’oya, Jacq. 208. 
Geop:lo88uin, Pen. 400. 
(i Ell AN I ACE A*:, 287. 
GentniuTn, lUrit. 288. 
(jesnora, Mart. 824. 
Gksnebacea*:, 824. 
Gesneiif:a«:, 824. 

([ilLLlEKIACE.®, 888. 
Ginger, .87* j. 
Gmgcr~g?'a»Sj 40(5. 
Gmmig^ 288. 

Gladiolus, 7'ottrnef. 
881. 

Glasa-wort, 8.‘»1. 
Glaucium, Tournef, 
205. 

Glaux, Tournef. 8(X). 
Gleditschia, X. 254. 
Gleichoiiia, Smit/t, 410. 
G i.Ei c ^u^ N IE A*:, 4 1 0. 
Globe Amarantm, 881 . 
Globularia, L. 822. 
Gloriosa, 880. 

Gloxinia, Ilerit. 824. 
Geumiploba:, 898. 
Glyceria, R. Hr. 811. 
Glycyrrhiza, L. 258. 
Glypheea, Jlook. f. 226. 
Gnaphaliuui, Don, 294. 


Gnetaceas, 862. 
Gnctmn, L. ^5(5.8. 
GoaVA-heard, 298. 
Gold-thread, 198. 
Gomme d^ Acajou, 247. 
( 1 oiiiphocarpuH, 81 0. 
Gompluilobium, 258. 
Gouiplirena, L. 880. 
Goniiim, Lam. 455. 

G oo DEN I AOEAS, 294. 
Googal, 248. 
OooAcherrg, 277. 
((ordonia, EU. 22(5, 
Goih)()NIi*ee, 220. 
Gosaypium, L. 221. 
Goiiania, Jacq. 24(5. 
Gourd A, 274. 
Grabowskia, Schlevht. 
810. 

Grains of Paradise, 

Gramixacea?, 402. 
Granadilla, 271. 
Grape, 244. 

Grape, iSra-side, 8»80. 
Grasses, 402. 
Grass-cloth, 842. 
Grass-tree, 88(5. 
Gratiola, 11. Hr. 82(5. 
Greek Valerian, '6\\. 
Green-heart, i5.88. 
Green Laver, 458. 
Grcvillea, 7i. Jir. 880, 
Grewin, tlms. 224. 
Grifiitbain, Agh. 447, 
Grimmin, Ehrh. 4,82. 
Grisli-n, L. 205. 
Gronovia, L. 275. 
Grossulacea;, 277. 
Grovnd-lqt, 828. 
Ground-nut, 258, 
Gualacum, 240. 
Giiaiaruiii, Plum. 240. 
Guarana bread, 280. 
Guarea, L. 287. 

Guar a, 200. 

Guelder Hose, 285. 
Guepiuia, 4(52, 
Guettarda, Vent, 287. 
Gnimauve, 222. , 

Gulancha, 201. 
Gulf-tceed, 450. 


Gum Acacia, 254. 
Gum Anime, 225. 
Gum Arabic, 254. 
Gum Damman', 301. 
Gum Dragon, 258. 
Gum Lac, 258, 839. 
Gummi gutta, 229. 
Gum Senegal, 264. 
Gum-trees, 2(50. 
Oiinnera, L, ‘2H2. 

** Guatavia, L. 20)0. 
Gutta Percha, 802. 
(iUTTIFEIlA?, 227. 
GyiiiiieniR, 811. 
Gymnoiisi‘ 118 , 40(5. 
(lynniocarpoa, It. Hr. 
‘270. 

Gymn()(4Ens, 187., 
Gvinnop’amme, Dein\ 
*419. 

( I Y ,>r N os I »KI{ MI A , 85( » . 
G vnaTidr( >p8ia, 1) C \ 
210 . 

Gviierium, If. H. K. 
40(5. 

Gyp.sophila, 220. 
(T 3 'riiu>psis, Grertn. 
,‘580. 

Gyrooarpka:, 262. 

G vr( )rarp us, Jacq. 

2(52. 

( Iyuohtemonkaj, ,882. 

] Ircmantluia, 879. 
Ilioraatoxvlon, L. 

254. 

I Lemodoraceaj, 879. 

I I (nmodor uni , Sm. 

880. 

Hair-hells, 295. 

I fakoa, Schrad. 386. 

1 lalosia, Ellis, 804. 
llalidrys, Lyngb. 449, 
Hat.oragac'Ea:, 2(54. 
ITaloragis, Fvrst. 264. 
Uamamelea:, 278. 
11am AME1.I DACEiB, 
277. 

llamamelis, L, 278. 
Ilancomia, Gom. 309. 
Hand-plant, 224. 
IlAPLOZYQIAd, 279. 
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Haricots j 2^)2. 
Hawthorn^ 258. 

Hazels 551. 
JlearVs’-eoBey 217. 
Heathy 297. 

I ledootua, Po's. 520. 
llfideva, L. 282. 
ncdwij^a, Hook. 248 . 
lledychium, Konnitjy 
575. • 

ITudvosmura, Schivartz 
;J47. 

Iledyotis, Lam. 294. 
llodysarene, 252. 
Jlelianiphora, Hevth, 
205. 

Ileliantlipraum, 7V>i/r- 
n^. 214. 

llelianthus, L. 295. 
Ilelichrysuui, 294. 
Iloliconia^ i. 577. 
ILdicteres, L. 225. 
Heliotropey 518. 
Helkhorey WhitPy 587. 
IlKl.LKBOIlEiK, 19(5. 
UelleboriLs, Adam. 

10(b 

Ilplminthocliorton, 

448. 

Ilelosis, Rich. 555. 
Ilelvella, L. 4(5^'). 
Jlelwiiigia, WiUd. 

282. 

lleranrocallifl, 585. 

1 lemidesmiw, R, Bt\ 
511. 

Ileinistomina, Cummers. 
108. 

lleirdocky 281. 

Hendock Dropworty 
281. 

Hemlock SprucCy 360. 
Hempy 342. 

Hempy Africariy 386. 
Hemp, Indian, 342. 
Hemp, MamUa, 378. 
Henbane, 315. 

Hennahy 264. 
Hkpaticas, 4.‘13. 
lleracleum, L. 280. 
Heritiera, Ait. 225. 
llermaBnia^ X. 223. 


Hebmannie.^!, 22.5. 

1 lernandia, Plum. 

5.55. 

Hetroria, 588. 

I lETKROSCIADETl!:, 

279. 

Hetkiiosporia, 424. 
Ileucliera, 267. 

Hevca, .559. 

I I ibbertia, Andr. 1 98. 
•J I J nrscKiE, 221 . 

llibiHciiH, L. 221. 
Hickory, .550. 
TliernrliloP, 406. 

1 f illebrandia, 274. 
llimanlhalia, Lynqh. 
449. 

1 1 IPPOCASTAN KA?, 

250. 

IT i ppocratkacka: , 
245. 

llippomanoy X. ?{58. 
i lippcipbae, X. .5.56. 
llippuris, X. 2(4. 

1 lirma, Jacq. 2.'{.5. 
Hoff-ymn, 247. 
Hoy-plum, 247. 
Ilollbtjellia, Wall. 202. 
Holly, .305. 

Hollyhock, 222. 

Holm OakyWti. 
IlOMAr.lACKAl, 275. 
ITomalium^ Vr/or/. 27*5. 
ITonckenya, Rhr. 225. 
Honey-locust, 254. 
IToneymtcldey 285. 

7Zb;>, '342. 

Tlordeum, X. 404. 
Ilorehownd, .521. 
Hornbeam, 351, 
Horse-chegf.nut, 2.50. 
Horse-radish, 212. 
Horse-suyar, 304. 
Horse-^ails, 417. 
Tlorsfieldia, 280. 
Hottentots fly, 270. 
Ilottonia, X. .300. 
Houseleeky 268. 
TIovenia, Thunb. 246. 
Iljya, i2.Xr.310. 
HUMIRIACE.fi, 504. 
Humulus, X. 342. 


Hitndred-yeard Plant, 
379. 

Huon Pine, .360. 

J ] Lira, X. 338. 

Hyacinth, 385. 
llyacinthus, X. .384. 
Ilvalastemma, Wall. 
\VM. 

Ilydnocarpus, Gartn. 
270. 

lI>dnora, .3.*54. 
ilydiium, X. 462. 
Hydrangea, X. 267. 
Hydrastis, X. 198. 
IJvdrocera, Blum. 

2.38. 

llYDROCHARlPACEfi, 

.‘*>82. 

ITydrocliaris, X. .382. 
llydrocotyle, Tournet. 
‘278, 279. 

Ilydrodiistyon, Roth, 
452. 

llydroloa, Thonars,lM 1 . 
I lydropidtis, Rich. 204. 
1 IVdROPH Yl. L AC35 A3 , 
511. 

1 Ivd roHtacby 8, Pet.- Th. 
549. 

llymeneoa, X. 254. 
Ilyiiienogaster, 464. 

TTV MENOM yCETKS, 

4(>2. 

IlYMKNOPnYlJ.Efi, 

419. 

Ilynienopbylliim, Sm. 
'419. 

TIvoscyamus, Tow'nef, 
514. 

Ilypecoum, Tournef. 
‘207, 208. 

TIypERiCAri3A3, 228. 
Hypericum, L. 228. 
llyphffioe, .*>94. 
Ilypnum, X. 4.32. 
ITypodermii, 459. 
IlYPOXIDACEfi, .379. 
IlypoxiB, X. 579. 
llyssopus, X. 520. 

Tberifl, X. 210. 
ICACINACEfi, «304. 
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Iceland MosSf 470. 
Icica, AubL 248. 
Ignatia, tW. 

Ilex, L. 303. 
Iltcace^, ;103. 
ILLECEBBACE.S, 208. 
lUecebrum, Garin, f, 
2(58. 

IlliciLim, L. 199. 
llligera, BL 2(52. 
Immortelles^ 293. 
Impatiens, L. 238. 
iNUOMPJ-ETAtS, 328. 
Indian Copal^ 220. 
Indian Corn^ 40<5. 
Indian CresS^ 239. 
Indian Fiffs, 276. 
Indian Shotj 377. 
Indigo^ 253. 
ladigorora, X. 252. 
Inga, WiM. 251. 
luocarpus, 3.36. 

Inula, Garin. 292. 
lodes, BlumCy 343. 
lonidinm, 217. 

Inaduy 234. 

Ipecaoitanj 287. 
Ipecacuan, hiacky 287, 
If)eeacuan, lohite, 

287. 

Tpomo^a, L. 312. 
IniDACEiE, 380. 
Iridfiea, 448. 

Iris, L, 381. 

•Irish MosSf 448, 
Isatis, X. 212. 
ISOETEiR, 425. 
Isoetes, X. 425. 
Isolepis, B. Br. 4(X). 
Isonandra, Wight, • 
302. 

IsOflPOBIA, 416. 
Isotoma. 294. 
Ispaghula seeds, 208. 
Isthmia, Agh. 434. 
Itaka-vjood, 263. 
Ivorpf Vegetable, 894. 
Ivy, 283. 

Ivg, Ground, 321. 
Iwarancusa, 400. 

Ixia, X. 381. 

Ixora, X. 288. 


Jacaranda, Juas. 322. 
Jacob's Ladder', 311. 
Jalap, 212. 

Jambosa, Humph. 

269. 

Jasione, X. 295. 

J A SM 1 N ACE.® , 305. 
Jasininum, X. 305. 
Jateorrbiza, Micrs, 
201 . 

Jatruplia, Kth. 3.‘58. 
Jeftersonia, Bart. 202. 
Jerusalem Artichokes, 
293. 

Jobs Tears, 400. 
Jubtea, 394. 

J UOLANPACKJE, 340. 
Juglaus, X. 350. 
JujuIiCy 246. 
,lUNCA(^EiR, 398. 

J IJE CAGINEAB, .380. 
Juucus, DC. 399. 

J uTigermaiinia, Dill, 
43,3. 

J UN OEIIMANN 1 ACEJB, 
433. 

Juniper, i*560. 
Juniperus, X. 358. 
Justicia, X. 322. 

JtUe, 224. 

Kndsura, Juss. 202. 
Kalmia, 297. 

Kainala, 339. 
Kangaroo-grass, 400. 
Kat, 245. 

Kava, 348. 

Kelp, 450. 

Kermes Oak, 351. 
Kielmeyera, Mart. 
220 . 

Kingia, B. Br. 309. 
Kino, 253. 

Kim, Botany Bay, 

260. 

Kobresia, WiUd. 401. 
Koelreuteria, Lam, 

230 

KM-rahi, 212 . 

Kousso, 258. ( 

Krameria, Lceffl, 232. 
Kumquat, 235. 


Labiate®, 319. 
LABlATJSFLOBiE, 291. 
Laburnum, 253. 
Lace^bark, 336. 
Lachnanthes, KUiott, 
im. 

Lacis, lAndl. 349. 
Lacistemacejes, il40. 
Lactuca, X. 293. 
Ixidanum, 214. 
Lagonaria, 8er. 274. 
Lagerstrubinia, X. 265. 
Lageita, Juss. 335. 
Lambs Lettme, 288. 
J^aminaria, Lamx. 

449. 

Laniiiim, X. 320. 
Lai^rocaulofl, Mifst. 

Lance-ivood, 200, 

J ,andolphia, Palis. .309. 
Lang sat, 2.34. 

JiansiuRi, Rumph. 

234. 

Lantana, X. 321. 
Lapageria, B. cjr Par. 
383,. 

Larch, 360. 
Jjai’dizabala, Ruiz 
Par. 202. 

IjAIIDIZABALACE.®, 

201 . 

l^arix, 300. 
iMrlispw', 198. 

Larrea, Cav. 240. 
I,asiopetalum, Sims. 
223. 

Lastnca, Presl, 419. 
Ijathrsea, X. 324. 
Ijathyms, X. 263. 
Laubace;®, 332. 
Laurel, 333. 

Laurel, Cherry^, 258. 
Laurel , « Cwfta,” 283. 
Laurel, Portugal, 268. 
Laurel, i^rge-’, 385. 
Laurelia, 3i*14. 
Jjaurencia, Lamx. 447. 
Laubbncie.®, 447. 
Laurustinus, 285. 
Launis, Tournef. 33«3. 
Lavandula, X. *320. 
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Lavender^ 321. 

Laver ^ 4^. 

Lawsonia, L. 205. 
Leathesia; Oray, 450. 
Lecanora, Achar^ 470. 
Lechea, 214. 

Lecidea, Ach, 460. 
LECYTfilDACB-aS, 200. 
Lecythis, Lcrffl. 200. 
Loduin, If. 297. 

LeeL, 380. 

Ijeguotidece, 202. 
LEOUMlNOSiK, 248. 
Leinna; Z. 397. 
Lemnackas, 397. 
LemoUf 235. 
Ijetnon-yroHS, 400. 
Len^n-plant^ 235. 

LENTlI]ULABlACE.ft:; 

328. 

Ijentihf 253. 
i^eontodon, L. 293. 
Leopoldiniai Mart. 
394. 

Lcpidium, 12. Br. 212. 
J^epidostacbys, Wall. 
340. 

Loptonychia, 223. 
liBlTOfiPEIlMEiE, 250. 
Lepturus, 11. Br. 404. 
Lopyrodia, 12. Br. 400 
Ijeschonaultia, 12. Br. 
294. 

Leitv^y 293. 
Leucojum, Z. 370. 
Lcwisia, Vureh. 2(J9. 
Lichenes^ 413, 4418. 
Lignum colubt'inumj 
307. 

Lignum Bhodiumj 248. 
Lignutn-vittey 240. 

LlOUT.IFI.OM3, 291. 
Ligufitnim, Toumef. 
305. 

lAlaCj 305. 

Liliaceje, 384. 

LUieSy 385. 

Lilium, Z. 384. 

ZtVy ^ the Fields f 
379.. 

LUg of the VaUey^ 360 
Lime, 235. 


Lime or Linden^ 224. 
IjIMNantkaoe.s, 239. 
Limnanthemimi, *108. 
Liiunanthes, 12. Br. 

239. 

Limnocharis, II. ^ B. 
389. 

LiNACEiE, 230. 

Ijinaria, Toumef. 320. 
Linseedy 236. 

•Linum, Z. 236. 
Liquidanibor, Z. 278. 
LiquoncOy 253. 
Liriodendron, Z. 100. 
Lisflaniho, It. Br. 298. 
Lit chi, 231. 
LithoMpcrnium, L. 

318. 

Litmus, 470. 

J^ittorella, Z. 208. 
Liver^woris, 4.‘14. 

Loaaa, Adam. 275. 
Jjoasacea?, 275. 
Lobelia, Z. 294. 
TiOBEl.IAUEiE, 204. 
Locttst-trces, 253. 
Lodoicea, Lahill. 391. 

1 .opfania, 12. Br. 3*00. 
Lo(iANIA(;EiE, 300. 
Log-wood, 254. 

. luolium, L. 404. 

Long an, 231. 

Long 348. 

Ijonicora, Desf. 285. 
Lophiola, 385. 

Lophira, Hanks, 225. 
Loiian t II ACE , 352. 
Jjoranthus, Z. 352. 
Lotus, Z. 260. 

. Lotus, ancient, 204, 233, 
240. 

Loudonia, Lindl. 204. 
Love-lies-bleeding, 331 . 
Lucem, 252. 

Luffa, Tottmef. 274. 
Luhea, WiUd. 224. 
Lupines, 263. 

. Lupinus, Z. 250. 
Luzula, DC. 309. 
Lychnothamnus, 444. 

. Lychnis, Z. 219. 
Lycium, 203. 


Lycojiordon, Toumef. 

Lycogala, Micheli, 471. 
Lycopersicum, 317. 
Lycopodiaceje, 423. 
Lycopodium, Z. 423. 
Lygoiim, 407, 
Lygodium, Swartz, 420. 
Lysimachia, Moench. 
300. 

liYTHnAOEA?, 204. 
Lythrum, Z. 205, 

Macadamia, F. M. 337. 
Mace, 334. 

Maebiierium, 253. 
AlacUira, 343. 
JNLacropipor, Miq. .‘147. 
Maci'ozamia, Miq. *1(>5. 
Madagascar Poison-^iut, 
309. 

Madder, 287. 

Madia, 293. 

Msorua, 213. 

Magnolia, Z. 199. 
MAaNOl.IACBJS, liM). 
IMahnolieasJ, J9i). 
Mayney-plant.s, 379. 
Mahogany, 234. 
IMahonia, Nutt. 203. 

M A LKHUIClllil ACli.£, 
271. 

MallotUH, Lour. 339. 
Mallow, 222. 

Malopc, Z. 222. 
Malpighia, Phim. 233. 
Malpiguiace^, 2.*1.*1. 
Miilva, Z. 221. 
Mat-vac RiE, 220. 
Malvaviscns, 222. 
Malve.^, 221. 
Mamillaria, Haw. 276. 
Mammee apple, 228. 
Manchineel, 330. 
Manchineel, bastard, 
309. 

Mandragora, Toum. 
314. 

Mandioe, 340. 
Mandrake, 316. 
Maugifera, Z. 247. 
Mango, 247. 
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Mangold-marself 331. 
Mangodeen^ 228. 
Mangrove, White^ 321. 
Manyr&oe^ 262. 

Manilla I£emp, 378. 
Manna, 218, 263, *‘^05. 
Manna of Mount Sinaif 
218 

‘Maplett, 231. 

Maranta, IHum. 370. 
MAIlANTACKJ^], 370. 
Marattia, Sm. 420. 
ArAIlATTIlS-13, 420. 
Marcgmavia, L. 220. 

M AIK xmA A , 22(1 
Marchaniia, March. 
434. 

Mahckanti \vk2e, 4* >4. 
Mat'ffom, 234. 

Marigold, 203. 

IMlariacus, Vnhl, 401. 
Mai'joram, 321. 
Marking-nut, 247. 
Maries, Kozh. 203. 
Marmalade, 230, 302. 
Marmbium, L, 320. 
iMarsdenia, R. Br. 311 . 
Mareh-maVoWj 222. 

Marsilea, X. 427. 
Mausilf.ackjr, 427. 
Martynia, X. 323. 
iVlaruta, Cana. 202. 
Marvel of Peru, 330. 
Madk, 247. 

Mat4, 303. 

Matico, 203, .348. 
Matricaria, X. 202. 
Mattbiola, R. Br. 

212 . 

Maurandia, Orteg. 327. 
Mauritia, .304. 
Mayackjr, .‘188. 
Meadow Saffion, 387. 
Meconella, NntU 207. 
Meconopsis, Vig. 207. 
JVfedoola, (rroTtov, 384. 
Medic, 262. 

Medinilla, Gavdich. 

m. 

Medlar, 258. 
Megacorpiea, D.C\ 206, 


Megaclinium, Bindl. 
.372. 

Melaleuca, X. 260. 
MeUimho hark, 270. 
Mcliimpyrmn, X. 327. 
Midaiiorrhea, Wall. 

257. 

Mkj.anthaceas, 85. 
Melanthium, X. .385. 
Melasloma, X. 203. 
Mbi.astomacka3, 203. 
Mnlhania, Forak. 223. 
J\Ielia, X. 2.‘17. 
MKiiiACE.E, 2.37. 
Melianthufi, X. 240. 
JVrtdicocca, 2.3l. 
jVlolilotuB, 2.)2. 
JMeliosma, Endl. 230. 
Mbi.kksmka^], 2.30. 
JMelobesia, Lamx. 447. 
Melon, 274. 

Melcwira, Agh. 454. 

Men ISPEllM ACE jE, 

201 . 

Meniapormum, Toumef, 

201 . 

;^^f•Iltha, X. 320. 
Meiitzelia, X. 275. 
Monyantlies, X. 308. 
IVIevcurialis, X. .‘138. 
Mercury, Fnglish, 

;131. 

Mertensia,*!^. B. K. 
.344. 

IMertensia, Wdld. 410. 
Meskm beyantha- 
CEA?, 209. 

Mosembryantbemum, 
X. 209. 

Metrosideros, R. Br> 
269. 

MespiluR, 258. 
>rETAHPE]lMS, .357. 
IVIotroxylon, 304. 
Met/geria, Radd, 434. 
Mezereon, 8il5, 

Mczieria, Qaiul. 276. 
Michelia, X. 109. 
Miconia, DC. 203. 
Microcacbrys, 300. ^ 
Microcoleus, Desmaz. 
454. 


Miersia, Zindl. 388. 
Mignofinette, 213. 
MUh^oorta, 231. 

MiUeis, 405. 

Mimosa, X. 251. 
MiM08E.s:, 261. 
Mimulus, X. 327. 
Mimusops, X. 302. 
Mint, 320. 

f irabilis, X. 830. 

htletoe, .362. 
Mitrasacme, Labill. .300. 
Mitcha-miicho, 287. 
Mitreola, X. 300. 
Mock-Orange, 267. 
Modecca, X. 270. 
IMolluqinejb, 268. 
Mollugo, X. 208. - 
Momordica, X. 273. 
Monacanthus, 373. 
Monarda, .321. 
MONIMlACEiE, 2(X). 
Mmkey-apiile, 228. 
Monkey-pot trees, 201. 
Monkshood, 197. 
Monnina, Ruiz & Pav. 
2.32. 

MONOOHLAMYDEiE, 

.329. 

Monocotyledonks, 

307. 

Monodora, Dun. 2(K). 

M onotaxis, Aro?i(r/w. 3.38. 
Monotropa, Nutt. 297. 
Monotrope^, 297. 
Monsonia, X. 238. 
Montia, Michel. 209. 
Moon-seed, 201. 
Morchella, DiU. 405. 
MoreUs, 400. 
Moreton-hay Pine, 

300. 

Morinda, VaiU. 2.38. 
Morincacejb, 256. 
Morisia, 212. 
Moronobea, AuM. 227. 
Moms, Toumef. 342. 
Mosses, 431. 

Mountain Ash, 258. 
Mouriria, J%m. 263. 
Moutabea, Atdd. 232. 
Moxa, 202. 
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Mucor, Mich. 468. 
Mucorini, 468. 
Mucuna, Adam. 263. 
Mmlavy 310. 

Mulberry y 343. 
.Mulinum, Pers. 278. 
MuUeiny 328. 

Mundita, Kunthy 232. 
Munjeethy 287. 

Musa, TotRmrf. 377. % 
Musacr;>e, 37Y. 
Mu.Mcari, Toumef. 380. 
Musci, 431. 

MusciNE^ffi, 428. 
Mushroom^ 4<)2. 
Mmk-planty .327. 
Mustard, 212. 
Mnstmrd^tree, 306. 
Miitisia, L.Jil. 291. 
Myanthus, Li'udl. 373. 
JMyoporum, Bks. 4r iSol. 
.321. 

^lyosotis, L. 318. 
iMyrica, L. 844. 
Myrtcackjb, 344. 
Myricaria, Desv. 218. 
IMyrionema, Orev. 

460. 

Myriopliyllum, VaiU. 
204. 

IVlyriutricLia, JIarv. 
460. 

IVIyrisiica, i. 334. 

M YitiSTicACE^:, 334. 
Myrohalany 202. 
Myroxylon, Mut. 264. 
Myrrh, 248. 
Myrbtnace.®, 301, 
Myrsine, L. 301. 
Myrtace.®, 269. 
Myrte.®, 259. 

Myrtle, 269. 

* Myrtus, Toumef. 

269. 

Myxobiycetes, 470. 
Mvzodendron, Sol. 

362. 

Naiadacbjb, 389. 
Naias, WiUd.SSQ. 
Napoleoua, Pal. 207. 
Narcisse.®, 378. 


Narcissus, L. 378. 
Nardostachys, DC. 288. 
Narthecium, Moehr, 

sm. 

Narthex, Falc. 282. 
Nasturtium, i2. Hr. 

212 . 

Natclmee, 406. 
Navdcula, Bory, 464. 
Nectandra, Bottl. 33.3. 
Nectarine, 268. 

Noctria, PViea, 468. 
Necm<~tree, 234. 
Nojjundo, itfepwc/*. 231. 
Nelumbtace®, 204. 
Nelumbium, Juss. 

204. 

Nemophila, Bartl. 

311. 

Neottia, L. 376. 

Nepal Barley, 406. 

N K1*EN thace® , 336. 
Nepenthes, L. .‘1.36. 
Neplielium, L. 231. 
Nerium, L. 308. 

Neroliy 2.36. 

Nettle Order, .341. 
Nettle, Stinyiny, 342. 
Nettle-tree, .344, 
Neurada, L. 2.67. 
NKiruAUE®, 267. 
Neio- Jersey l^ea, 240. 
Neiv-Zealand Flax, 
380. 

Nicotiaua, Toumef. 

Nidularia, Fnee, 464. 
Nigella, Toumef. 196. 
Niyhtshade, 31 3, 

Nipa, Bumph. 396. 
Nitella, Ay. 444. 
Nitraria, L. 233. 
Nolaua, L. .317. 
Nolan ACE®, 317. 
Nopal-planty 277. 
Norfolk-Isiand Pine, 
.3(10. 

Nostoc, Vanch. iS2, 
Ntdlipores, 448. 
Nuphar, Smith, 204. 
Nut-gdlSy .361. 

Nuimey, 334. 


Ndrneye, Brasilian, 
333. 

Nuytsia, R.Br. 362. 
Nux-vonika, 306. 
Ny'ctaginace®, 330. 
Nyctanthes, Jues. «106. 
Nympbaea, Neck. 203. 
Nymph® ACE®, 203. 
Nyssa, Gron. 263. 

Oak trees, .360. 

Oats, 406. 

Obolaiia, L. tl08. 
OCHNACE®, 242. 
(PiDOOONIE®, 4.63. 
(Kdogonium, Link, 

462. 

(1^'nanthe, Lam. 280. 
(TiUotbera, L. 204. 

Oil of Ben, 2^^. » 

Oil of Beryatnct, 236. 
Oil of SpUie, .320. 

Oil of Palms, 

O LAC ACE®, 304. 
Old-man’s beard, 382. 
Oldonlandia, P.Br. 287. 
Oldtioldia, Benth. .340. 
Olea, Toumef. 306. 
Oleackao, .304. 

Ole®, .‘104. 

Oleander, .*109. 
Olibanum, 248. 
Oligomeris, Cambass. 
2l.‘l. 

Olive, .306. 

Olive Seaweeds, 448. 
Oniphnlobium, Oeertn. 
248. 

Onaqrace®, 203. 
Oncr>ba, Forsk. 214. 
Onion, 380. 
Ouobrychis, Toumef. 
262. 

Onopordum, L. 294. 
Opegrapba, Pers. 469. 
Opercularia, A. Bich, 
207. 

Ophiocaryon, Schomh. 
230. 

Ophioolosse®, 420. 
OpbiofflosBum, X. 

421. 

3 a 
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Ophiopogon, 886. 

^hryl ^ 371. W,^4. 

^Zi Poppy^ 207. 

Orchids, .m Pandorma, i**-eM6. 

(h^’ Panotaciub, 270. '■' 


Unganum, x». 
Omitliogaluin, X. •‘ioC. 
OmithopuB, X. 260. 
OrnuS) iV;7’«. 
Obobanciiace^, 0-4. 
OrobaDche, X. ii24. 

CteONTIACEJE, itt)G. 

Droiitiuin, X. 3JK5. 
Oiris^rootf 381. 
Ortbanlbera, Wight, 
311. 

Oryza, X. 404. 

0«<i(5F^» Orange, 343. 
Oscillatoria, Bose, 

454. 

OsCILliATOIlIACKiB, 

453. 

0«Vr«, 340. 

Osmunda) X. 420. 
OsMUNDKiB, 420. 
Ostrva, Scop, 351. 
Osyris, X. 353. 

Otto of Boses, 25^. 
Ouvirandra, Thouars, 
300. 

OXALIDACEJR, 237. 
Oxalis, X. 237. 
Oxloya, A, Cunn, 2o5 
Oxlip, 301. 
OxVftoccuB, Tournef 

297. . 

Oyster^y Pi^y 

" Padina, Adans, 449. 


Panicum, X. 403. 

Papaw,m. 

Papavacejb, 270. 
1 


PauUinia, X. 230. 
Pavia, Boerh. 230. 
Pavonia, Cav. 221. 
Peach, 258. 

Peach, Sierra Leone, 
287. 

Pear, 268. 

Peas, 253. 
Pebauacea?, 323. 
PediastruiD J Meyen, 
454 

Pcdiciilaris, X. 
Pegaiiuin, X. 240, 241. 
Pelargonium, 

238. 


l'APAYACJ?:yi‘i, 

Papayrola, AuU. 21 n. 
Paper-Mulberry, 343. 
Papilionace-®, 250. 
Pappea, ^ 2'11 . 

Papyrus, Willd. 401. 
Paraguay Tea, 303. 
Pof'eira brava, 201. 
Pahietales, 200. 
Parietaria, Tournef 

Paiiietaiitba:, t}4 J . 
Paris, X.J184. 

Poi'kerif^ Hook, 41J. 
PARKBBlEiR, 417. 
Parlda, X. 251. 
Parmelia, 25*. 400. 
Parmeiiticro, JX7.323. 
•_ r ooj 


1>kna5ack.e,340. 
Penicillaria, Kunth,Wit. 
Pcnicilliuin, Lk. 407. 
Penny-rtrt/al, •‘>20. 
Pentaplera, Boj:b, 

202. 

Pentliorum, X. 207. 
Pontsteinon, IKiHt, 

327. 

Peperomia, i2. §* P» 
348. 


Peplis, X. 205. 

Pepper, 347 . 
Pepper-dulse, 448. 
Peppermint, 320. 
Peppers, Ml, 
Perano8pora,7)<? /?.4‘)/ . 

Parme«W|^P.82«. 

PABONyCHIACKiB, 268. 

PABONYCmBA,,m 

Paropsia, Nor, 271. 

Pan’otia, C, A, Mey. 

278. 

Parsley, 282. 

Parsnip, 282. 

Partridge, canes, 6'd^, 

T 


idina, 449. 

Townef. 190. Paspolum, L. 40^ 
rNniaoe.-^ PaB8illora,J»«.5a 

SteL6-;,263. rA88pi-oiiACM,m 

Siurue, Toumef, 240. 

ATiLTAnn-xa PtticAolWt, oJi. 

Amelia! 462. PatoUaiia, Fries, 466. 


I'ETAlAOIBEAfi, ouo. 

PETiVKHiKiB, 332. 
Petroselinum, Hoffm. 
282. 

Petunia, Juss, 314. 
Peucedanum, X. 282. 
Peziza, X>»7/. 405. 
Phaca, X. 252. 
PUACII)1EA3, 465. 
PHJEOBPOBKiB, 450. 
Phalabidea?, 403. 
Phalaris, X. 403. 
Phallus, i. 404. 
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Phanebogamia, 193. 
Pharbitis^ Chois, 312. 
Phascum, X. 432. 
Phaaeolua, i. 260, 262. 
Philadelpheas, 206. 
Philadelphua, L. 207. 
Philebiace^, 383. 
Phillyrea, Tournef, 306. 
Philodendron, Schott, 
397. % 

Philydbace^, 388. 
Phleum, L, 406. 
Phlomis, L. 320. 

Phlox, L, 311. 

Phoenix, L, 391. 
Phormium, Forst, 380. 
I'hragmites, L, 406. 
Phr^a, L, 321. 
Phycomycotes, 466. 
Phyllanthus, L. 338. 
Phyllocactus, Link^ 

Phyllocladu8,X. C.iZtcA, 
361. 

Pl^logloasum, Kimze, 

Pliyllophora, Orev, 447. 
Physalis, L, 314. 
Physarum, Fers. 470. 
Physocalymna,7)C.266. 
Phvsostomon, Mart, 
^1V2, 

Physostiffma, 263. 
Ph^elephas, R, <5f* P. 

Phyteuma, L, 2f)6. 
PHyTOCIlENACEA3, 343. 
Phytocrene, Wall, 343. 
Phytolaccaceas, 332. 
Phytophthora, DeBary^ 

IHassabay 394. 

Picrsena, Mndl, 242. 
Picrasma, Blumcj 242# 
Pigeon-Poas, 243. 
Hlea, Lindl, 341. 
iniobolufl. Tods, 468. 
Pilostyles, GuUl. 366. 
Pilularia, L, 427. 
Pimelea, Banks ^ Sol, 
335.. 

IHmento, 260. 


Pimpinella, DC, 282. 
PlNACELS, 868. 
Pinckneya, Rich, 287. 
Fim-apjfie, 382. 

Finey Dammar, 226. 
Pin^icula^ Tournef, 
328. 

Pinks, 219. 

Pinus, L, 368. 

|Piper, L, 348. 
Tipebacbje, 347. 
IMriqueta, Auhl, 271. 
Piscidia, L, 263. 
Pisonia, Plum, 3.‘]0. 
Pistachio-nut, 247. 
Pistacia, L, 247. 

IHstia, X. 397. 

Pisum, X. 250. 
PiiaAhread, 379. 
Pitcaimia, U6rii, 381. 
Pitch, 361. 
Pitcher-plants, 206, 

335. 

PiTTOSPORACKAS, 243. 
lUttosporuin, Soland, 
243. 

Pitmy, 310. 
Plagiochasma, Lehm, 
434. 

Plagiospkbmeje, 273. 
Plane, J144. 

Planora, Gm^l, 344. 
Plan TAG iN ace.®, 298. 
Plantago, X. 298. 
Plantain, 377. 
Platanacb-®, 344. 
Platanus, X. 344, 
Platystemon, Benth, 
207. 

Platythoca, Steetz, 233. 
Pleurandra, Labill, 198. 
Plocamium, Gh^ev, 447. 
Plocaria, Nees, 447. 
Plum, 258. 

PLUMBAGINACEiE, 299. 
Plumbago, Toum, 299. 
Plume-nutmjegs, 334. 
Poa, X. 406. 

POACEiB, 400. 
Podnearpus, URSr, 
301. 

Podophyllum, X. 202. 


PonOSTEMACE®, 349. • 
Poison-Elder, 247. 
Poison-nut, 309. 
Poison-Oak, 247. 
Polanisia, Raf, 212. 
POLBMONIACE®, 311. 
Polomonium, Tournef, 
311. 

Polyanthos, Gkd, il80. 
Polyanthus, 301. 
Polyblastia, 40J >. 

Polycarpon, Laifti, 268. 
Polygala, X. 232. 
POLYGALACE®, 231. 
POLYGONACE®, 329. 
Pol 3 "gonum, X. .329, 
Polypetal®, 193. 
POLYPODIE®, 419. 
Polypodium, X. 419. 
POLYPOBE®, 402. • 

Polyporus, Mieh, 402. 
l^olysiphonia, Grev, 
447. 

Polytriebum, X. 432. 
Pome®, 267. 
Pomegranate, 269, 27 1 . 
Pompelmoose, 236. 
Pondweeds, 389. 
PONTKDEBACK®, 387. 
Poplars, 340. 

Poppy, 20(». 

Popiilus, X. .340. 
Porcupine-^vood, 394. 
Porpbyra, Agh, 447. 
POBPIIYBE®, 447. 
Portulaca, Ttmrnef 
260. 

POBTULACACE®, 209. 
Potalia, Auhl, 30C. 
Potamogeton, X. 389. 
Potato, .310. 
Potato-fungus, 4iB, 
Poientilla, X. 267. 
POTENTILLID®, 267. 
Poterium, X. 257. 
Pothos, X. 390. 

Prickly Ash, 241, 
Ih^ckly Pear, 277. 
Primrose, .*101 . 
l^mula, X. 300. 
Pbuiulace®, 299. 
Prineds Feathers, 8dl» 
3 a2 
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^Mnos, X. 303. 
l»rintzia, Cam. 293. 

I'bocbide*, 341. _ 
l*rosopis, X. 251, 255. 
I’rotea, L, 3H0. 

TaOTEACKiE, t‘i30. 
l»IlOTOl»UYTA,186. 

Prunella, X. «*120. 

I’riinus, X. 257 . 

I’sidium, X. 250. 

Vsilotum, Sw, 424. 
Psycliotria, X. 287. 
l*tolea, X. 241. 

IHeriB, X. 419. 
Pleriflaiithos, Blum* 

24:1. 

Pttirocarpufl, X. 25:i. 
Ptorospora , A utt. . 

pucciiiia, Pers. 4G0. 
PuccooUf 207 . 

Pueraria, DC. 253. 
Paff-hallSf 404. 

PulquCf 079. 

Jhilses, 252. 

Pumpkmj274, 

Punctaria, Grev* 450. 
I’unica, X. 259. 

J\irqiug-nut, 

J*u7’plc“kp(irt 1 2o4. 
Purslane j 209. 
Putty-root j :174. 
Pycnopbycus, .Kiite. 

449. 

ryilKNOMYCETES, 4G8. 
Pvrethruin, Gai'tn. 

P^ola, Tourn^f, 297. 
Pyuoleji, 297. 

PvniB, Undl, 257. 
Pythium, Priwjsh. 456, 
Pyillanlhera, MiUL 
311. 


QuinaSf 241. 
Quincef 258. 

Quiaqualis, Bumph* 
202 . 

Quitchf 406. 


^ Qualea, AuH* 261. 
Quandang-ntU, 353. 
QuaMt0, 242. 
Quassia, X. 242. 
Qu^rot^ron, 361. 
Quercus, X. 350. 
QuiUaia, Mol. 257. 
Quillals, 257. 


liadiola, DiUen. 236. 

212 . 

Palflesia, R. Br. 
Uakflesiace.®, 354. 
Rahim, 

liaiualina, Ach. 409. 
Ramhutan, 2:11. 

Rampion, 296. 

Kan UNCULACEiK, 

195. 

TUNUNCULE.E, 190. 
Katmnculus, X. l‘*)0. 

Rape, 212. 

Kaplianus, Tournrf. 

210 . 

Rasphemf, 258. 

200 . 

Kavonala,./i«/flw«. £7. 
liKAUMUIlIArEiK, 229. 

CV<7«r, 301. 

JM RaUUf,^^^^. 

Red Sandalwood, Jod. 

Seaweeds, 440. 
jBcci Stum, 453. 

Reed, 406. ^ 

Reindeer, Moss, 4/0. 
Keseda, X, 213. 
Rkskdace,®!, 213. 

Resilt, :101. 

KR8TIACEA3, 400. 

Kestio, L. 400. 
li«ticulsns, Suu. 471 

lliiAMNACM, 2m 

Kbaiumis, Juss. 246. 
llbapis, X.^. 301. 
Rhatany, 23.3. 

342. 

Rheum, X. 329. 

Kbexia, 2^». 
Khinantbus, X. 327. 
RhipsaUs, Qwrtn. 

276. 

Rhizobolb^, 226. 
Rhizocaupb-®* 420. 

Rhizogens, 187. 
Rbizopbora, Bam. 261 • 


Rhizophobaceje, 261 . 
Rbizopus, 459. 
Rhododendron, X. . 
Rhodoleia, Champ. 

278. 

Rbodomola, Agh, ^7. 
Rhodosieleje, 44/ . 
Rhodobe^j, 297. 

RH«>DOBrE1^jlMKiE , 

440. 

^ Rbodymenia, Afon^. 

4‘18. 

Rhubarb, 320. 

IMiua, X. 247. 
RibeM,X.270. 
Riijeriace-E, 2/(t. 
Kiccia, 4:16. 
RK'CiACEiE, 434.t 
Rice, 405. 

Rice-paper, 283. 
Ricbardia, 

:i9(*). 

Riebardsonia, Kunth, 
287. 

Ricinus, Towmef. 33*8. 
Rivina, l^um. 352. 
Rividaria, Roth, 4.)4. 
Road-weed, 298. 
Robinia, 252. 
Rocambole, .‘180. 
Ruccolla, X>C. 460. 
Rock Roses, 214. 
Roudeletia, Bl. 28j^. 
Rosa, Tmrnef. 26/ . 
Rosack.?r, 2.55. 
Roseac, 267 . 
Rose-ajyples, 260. 
Rosemary, 321. 

Roses, 268. 

Rosewood, 263. 
R08LT)iE,267. 
Rosmarmusji. 339- 

Rottlera, .Roa®. 338, 

3^. 

Roupellia, TTfl®- 309. 
Rox bubghiace.®, 
383. 

rS, 'Toumef. 286, 
287. * 

Rubiacb*, 285. 
Rubus, X. 257 . 
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Rue, 241. 
lluellia, 322. 
llumex, X. 329. 
Kuppia, X. (^89. 
iiuscus, Tounief, 

mu. 

Rushes, 300. 

Rusts, 401. 
lluta, Toui'nef, 241. 
IIutaoe;k, ^40. 

Rye, 405. 

Rye-yrass, 40G. 

Sabadilla, 387. 
iSabal, Adans, 301. 
SABIACEiE, 202, 247. 
Saochaiiomycios, 

47:^ 

Saccharuin, X. 405. 
Safflower, 293. 

Saffron, 381. 
Saynpcnum, 282. 

Saye, 321. 

Sugeretia, Bronyn, 240. 
iStigina, X. 219. 
Sagiitavia, X. 389. 
Sayo^palms, *191. 
Sayo~plan6s, 300. 
Saguerus, Rumph. 394. 
Sogua, Giurtn. 391. 
Samtfoin, 252. 

Salep, 374. 

Salicace.*:, 345. 
Salidne, 340. 
Salicornia, Toum, 

331. 

Saliaburia, Stn, 301. 
Solix, X. 345. 

SaUowSf 345. 
Salomonia; Lour, 232. 
Salsufy, 293. 

Sulaolai X. 331. 
Salvadouacb.®, 305. 
Stdveriia, St,^IIU, 

201 . 

Salvia, X. 320. 
Salvioia, Mich, 427. 
Sambucua, Toum. 285. 
Samolus, Toumef.mO, 
Samphire, 282.. 
Samydacrs!, 271. 
Sandal^wood, 353. 


SandaUwood, red, 361. 
Sandarac, 301. 
Sanguinaria, Lid. 207. 
Sanguisoubeas, 257. 
Saniciila, Tourtuf. 

279. 

Sanseviera, Tlmnh, 

;180. 

Santa LACE iE, 353. 
Santalum, X. .‘15,3. 
Wap-yreeUt 240. 
Sai'indacrje, 220. 
Sapindk-®, 230. 
Sapindus, X. 230. 
Sapodilla-plum, ,302. 
Saponaria, X. 219. 
Stfponme, 220. 
SAPOTACEiE, 302. 
Sapria, Ori^. 355. 
SAl»nOLEGNIE^l, 455. 
Sapucaya^ntUs, 201. 
Sarciiia, Goodsir, 471. 
Sai'cocephalus, 287. 
Sarcocol, 340. 
Slu-cocolUi, Kth. t‘U0. 
Sarcopli yto, Sparrm, 
353. 

Sargansum, Rumph, 
449. 

Sarracenia, X. 205. 
SAlUiACKNIACEAS, 205. 
Sarsaparilla, 384. 
SarsapariUa, Md, 

283. 

Sassafras, Nees, 333. 
Sassafras, 333. 
Satin-wood, JE. I, 235. 
Sauraja, WiUd. 226. 
SAUBAJEiE, 226. 
Sauridia, Harv. 379. 
SAUIIUBACEA5, ,348. 
SauruTus, X. «148. 
SAUVAGBSlACEiB, 

217. 

Sadne, 301 . 

Savory, 321. 

Saxifraga, X. 205. 
Saxhi'eagacea!:, 265. 
Saxijfayes, 200. 
Scabiosa, Mm, ^ 
i8bW.268. 
Scade^Mosses, 433. 


ScoBvola, X. 205. 
Scammotiy, 312. ^ 

Scapbopeldum, Mast. 
223. 

Scarlet Runner Beans, 
2,52. 

SCEPACK.E, 2140. 
Scheuclizeria, X. 389. 
Srhleichera, Willd. 231. 
Scbinidelia, MutT. 231 . 
Sciadopitvs, S. ^ Z, 360. 
Schinuj^, X. 247. 
Schizsca, Smith, 420. 
Schias:eas, 420. 
Scbizandra, X. C, Rich, 
202 . 

Soil I2ANBBACEA3, 

202 . 

Scliizanthus, R, ^ P. 
;*>33. 

SCHIZO^nT.ETEM, 471.* 
Scbizowlalon, JIuoh, 
211 . 

Solioberia, Motj. 331. 
iScboenuH, X. 400. 
Schwoimtzia, EU, 

207. 

SciUa, X. 384. 

Scio Turpentine, 247. 
Scirpiifl, X. 401. 
Sci.EBANTJIEyE, 208. 
Scloraiitlius, X. 208. 
Sclerolobiuiu, Voy. 261. 
Scolojwndrium, Smith, 

Scorodosma,Xu/}f/<*,282. 
Scorzonera, X. 203. 
Scotch Fir, 358. 

Screw Pines, 395. 
Scrophualaria, Toumef. 

Sc]iopnui.ABiAC#£, 

325. 

Scrubby Oak, 225. 
SechBuckthorn, 336. 
SearKale, 212. 

Seaweeds, 430. 
SeonWrafdcs, 449. 
Secbium, P, J9r. 273. 
Securidaca, X. 232. 
Sedges, 400 . 

Sedum, X. 267. 
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SE1.AOINACEJE, .*321. 

Selaginella, l^ing, 

42r). 

Sclago, X. 822. 

Solliera, Cav. 204. 
Semecorpufl, X. 247. 
Semen contra^ 202. 
Semperviviim, X. 267, 

Senecio, Less, 203. 
SennOj 254. 

Sequoia, EndL 8(50. 
Sesamum, X. 828. 
SesuTium, X. 2(50. 
Setaria, X. 408. 

Seville Orange, 286. 
880. 

400. 

Shamoola, 400. 

Shea, 802. 

Sliorea, lloxh, 226. 
Sieves, X. 278. 

Sida, X. 221. 

Silene, X. 210. 
SlLENKAS, 210. 
Silk^cotton ireea, 

222 . 

Silk-weeds, 461. 
Silver-Fir, 800. 
Simaba, AubL 242. 
Simaruba, AubL 242. 
SlMABlTBACKiE, 242. 
Sinapis, Tovrnef. 

212. 

Singharor-nut, 204. 
Siphocanipylus, PoA/, 
204. 

Siphonia, Benth, 880. 
Sieyrincbiuni, X. (381. 
Sizygitt?s, TuL 458. 
Skunlc Cabbage, 807. 
Smeal^aiinia, Soland. 
270. 

SlIILACKX!, 388. 
Smilaciiia, 886. 
Smilax, X. 884. 
Smitbia, 262. 
Snake-gourd, 274. 
Snake-nut, 230. 
Snap-dragon, 327. 
Snow-berry, 286. 
iS^ioiodrc^, 879. 


Snowdrop-tree, 304. 
Snov>flake, 879. 
Soap-root, 220. 
Soap-worts, 229. 
Sobralia, 874. 

SOLANAGEAi, 818. 

Solanum^ X. 314. 
Soldauella, X. 801. 
Solenostemma, Heyne, 
810. 

SoUya, XtW/. 248. t 
Solomon's Seal, 880. 
Sopliora, X. 260, 263. 
SorgbiuTJ, Pers. 408. 
Sorrel, 829. 

Souari-nuts, 227. 
Sour-sops, 200. 
Southern-wood, 292. 
SPAP1CIPI.OBA5, 390. 
Spaitlum, 269. 
Sparganium, X. 800. 
Sparmanma, X. 226. 
Spatliularia, Fers. 400. 
Spattdum, 200. 
Specularia, Heist 206. 
Speedwell, 828. 

Spelt, 400. 

Spergula, X. 2(58. 
Sperraacoce, X. 280. 
Spheoria, X. 408. 
Sphaarocarpus, Mich, 
485. 

SpnA<]iiod)CCEiE, 

447. 

Sphserococcus, Qrev. 
447. 

Sphacroplioron, Pm. 
400. 

Sphteroplea, Agh. 452. 
Sphserostemma, Blum. 
202 . 

Sphaonaceas, 482. 
Sphagnum, DiUen, 482. 
Spider-worts, 387. 
Spigelia, X. 806. 

SpSce, oil of, 820. 
Spikmard, 288. 
l^inach, 381. 

Spinach, Nevo-Zealand, 
260. ^ 
Spinacia, Toumef. 

831. 


Sjmdle-tree, 246. 
Spiraea, X. 267. 
SpiBiElD.^, 267. 
Spirilla, Hass. 471. 
Spirogyra, Link, 

462. 

Splachnum, X. 482. 
^Ut-Mosses, 482. 
Spondias, X. 247. 
Spondieffi, 247. 

Sp'uce Fir, 860. 
Spiiniaria, Pers. 470. 
Spurge Laurel, 886. 
Spiill, 88(5. 

Staavia, Thunb. 278. 
Stnebys, Benth. 320. 
StACKI I OUSI ACI'LZB, 

246. 

Stngmaria, Jack, 24T. 
Stangeria, Moore, 

806 . 

Stapelia, X. 810. 
Staphylea, X. 281. 
Staphyleace-®, 

281 

Star-Anise, 100. 
Star-afgtle, 802. 
Star-xcort, 840. 

Statice, X. 829, 
Stauntoiua, DC. 202. 
Stavesacre, 198. 
Stellaria, X. 219 . 
Stellatab, 287. 
Stemouiiis, Oled, 

471. 

Ste^banosphaara, Cohn, 

Sterculia, X. 228. 
Sterculiace.®, 228. 
Sterculieae, 223. 
Stereocaulon, Schreh. 
409. 

Sternbergia, 370. 
Sticta, Schreb. 400. 
Stictis, Pers. 466. 
Stigmatia, Fries, 468, 
St.-Ignatius's Bean, 
807. 

Stilaoinaceab, 843. 
Stilago, X. 843. 

Stilbe, Berg. 321. 
Stillin^a, 340. 
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Slingtng^nettlef 342. 
Stirik-Jwmsy 4()4. 

Stipa, L. 404. 
ik, John's-'Wortf 228. 
atocJiy 212. 

Stone-crop, 268. 
Stone-pine, t3(K). 
Storax-gnm, 304. 
Storax, liquid, 278. 
Strashurg Turpentine, 
301. 

Stratiotes, Z. 382. 
Strawheri'y, 258. 
Strelitzia, Banks, 377. 
Streplanthus, Nutt. 212. 
Streplocarpu.o, Lindl. 
324. 


Streytocha)ta,iV<“<’«,404. 
Strij^a, Lour. 327. 
Stringy-barics, 260. 
StrychniTw, .307. 
Strycimoa, L, 30(). 
Stuartia, Catenilnf, 227. 
Stylipiacf.^3, 204. 
Stylidium, Sw. 294. 
SXYRACACKiK, 30.3. 
8tyrax, Tournef, 30.3. 
Siibularia, Adam. 2J1. 
Siwcoi-y, 293. 
Sugar-cane, 405. 
Sumach, 247. 

Sunihid, 282. 

Sundews, 215. 
Sun-floxoer, 293. 
Sunrhemp, 222. 
Surinam Medlar, 302. 
Swamp Pine, 300. 
Swartzia, Wilkl. 250. 
Sxoeetdeaf, 304. 

Sweet Potato, 312. 
Sweet-sop, 200. 

Sweet Vernal Qrass, 
406. 


Sweet Violet, 216. 
Sweet WilUam, 220. 
B'wiefeeDia, L, 
Syoamore-fg,^^. 
Syi^horicarpus, DiU. 


Symphytum, L. 318. 
Sym]^ocarpu8, Schult, 



Symjdocos, Jacq. 304. 
SYNCfENKHIA, 292. 
Synsfors.^;, 453. 
Syringa, L. ^6. 
Syringa, 267. 

Tabasheer, 407. 
Tabomsemontana, 
Plum. am. 
Tacamahaca, 228. 
tt'acca, Phrtd. 30!>. 
Taccacbas, 368. 
Tacsoiiia, Juss. 271. 
Talimim, Adans. 260. 
T(dlow-tree, .340. 
Tamabicacejb, 217. 
Tamarind, 254. 
Tamarind-plum, 254. 
Tamariiidus, L. 251. 
Tamarisk, 217. 
Tamarix, L. 217. 
Tamufl, L. .3(5J). 
Taughinia, Thouai's, 
309. 

Tangle, 461 . 

Taoiiia, J. Agh, 449. 
Tapioca, 340. 

Tara, 307. 

Taraxacum, Juss. 291. 
Tarragon, ^)2. 
Taamaimia, R. Br, 

199. 

Taxacrjk, 301. 
Taxodium, Z. C. Rich, 
358. 

Taxiia, Z. 301. 

Tea, 220. 

Tea, Cape of Good 
Hope, 293. 

Tea, Paraguay, 303. 
Tea, Panama, 227. 
Teak, 321. 

Te<u:el, 288. 

Tecoma, Juss. 323. 
Tectona, Z. 321. 

Teff, 406. 

Tophrosia, Pers. 253. 
TlCBISillNTHAOEAR:, 246. 
Termiualia, Z. 262. 
Tii;|iminalie^, 202. 
Temstrmmia, Mart^ 
226. 


Tebnstb(emiace.s:, 

226. 

TEUlfsTBCEMIEAi:, 226. 
Tesiudiiiaria, SaUsb. 
369. 

Tetilla, DC. 207. 
Tetrocellioii, Zmi'CS. 211. 
Tetragonia, Z. 209. 
'Tetrameles, Zf. Br. 275. 
Tetranthera, t/bcw. 333. 
Tetrapauax, C. Aooh, 
283. 

TetrapatbsBii, DC. 270. 
Totraphis, Hedw. 43,2. 
Tetraspora, Dec. 452. 
Tetratliflca, Smith, 233. 
Teucrium, Z. 320. 
TUALAM1F1.0II.E, 195. 
Thalictrum, Toumef. 
196. 

Thallogkns, 411 . • 

Thallophyta, 408, 
411, 435. 

Thamnochortufl, Berg. 
400. 

Thapaia, Z. 280. 

Thoa, Z. 226. 

Thelasis, Blume, 371. 
Tlielidium, Massal. 470. 
Thelyinitra, Forst. 37 1 . 
Tbcobruma, Z. 224. 
TheopbniHta, t/u8iv.301. 
Tliesium, Z. 353. 
Thismia, Or^, 374. 
Thistles, 203. 
Thladiantha, Bunge, 
273. 

Thomasia, 223. 
Tlunn-apfle., 310. 
Thnft, 290. 

Thuja, TiAimef. 358. 
Thuiil^rgia, L. 322. 
Thyme, 320. 
Tuyhblaceas, ^135 
Thymus, Z. 320. 
Ticorea, Auhd. 241. 

K dia, Juss. 381. 

, Z. 224. 
TiLIACKAfi, 224. 
Tillcea,jlfec4.267. 
Tillandsia, Z. 381. 
Tilletia, TSkl. 401. 
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Tinospora, 201. 

Tmesipteris, Serkh, 

424 . 

Toad-Jlax, 32B. 

Toadstoohf 4(53. 

Tobacco j 31 C. 

Tocmso, 40(5. 

Toddalia, Juas, 241. 
Toddalie^, 241, 

Todoa, Willd, 420. 
Tolypella, Braun^ 444. 
Tomato y 317. 

Tonka-ieayij 203. 

Torreya, Arn, 3(51 . 
Toumefortia, It. Br. 

318. 

Tous^ea-moiSf 377 . 
Tra(!hylobium, 204.^ 
Triidftflcantia, L. 38/ . 
TragaeaiUh, 224, 2^5. 
Tfagopogon, L. 203. 
Trapa, L. 2(54. 

Tree of heaveuy 242. 
Tremaiidra, i2. Br. 233. 
TllEMANI)KACKiI3, 233. 
Treiiuilla,'‘.W/. 402. 
Tremeli-iEJE, 4(i2. 
Trianosperma, Toit. 

G. 273. 

Tribulus, Tournef. 240. 
Tricerastes, Prek, 275. 
Trichia, Hall, ^71. 
Trichilia, 234. 
Tricbocladus, Pera. 278. 
Trichocolea, Nees, 434. 
Trichomanes, Preal, 

419. 

‘ Trichosanthes, L. 274. 
Triohostomuni, Hedw. 
432. 

Trientalis, B. iWM. 
Trifoliuin, B. 251. 
Triglochin, B. 389. 
Trimum, Mm. 384. 
Triosteum, Adana. 285. 
7^pe-de-roche, 470. 
Tripaaciim, B. 406, 
Triptolomea, Mart. 253. 
Triticum, B. 404. 
Triumfetta, Piuni. 

224. 

ThopasOlacr®, 239. 


Tropffiolum, B. 2.‘59. ' 
Trufflea, 468. 
Trumpet4ih/, 397. 

Tuber, Mich. 407. 
Titukre-tE, 407. 

Tuberose, 387 - 
TlIllULlKLOBiB, 290. 
Tulipa, Toumef. 384. 
Tulip-tree, 200. , 

Tupa, (}. Hon, 294. 
Turkeif-red, 240. 
Turmeric, 376. 

Turnera, Plum. 271. 
Turn BRACK A5, 271. 
Turnip, 212. 

Turnside, 340. 
Tuipentiiie, 361. 
Tussnc-tp'oaa, 400. 
Tussilago, Tunmef. 

20.-5. 

Tylopbora, 2t.Br. 310. 
Typlia, B. 395, ^ 
TYPRACKAiJ, 305. 

Udora, Xntt. 382. 
irUucus, Boz. 3.32. 
IJlmace.k, 

Ul^iejk, 344. 
lUmus, B. 344. 
lilva, .<'1////. 452. 

ITm u elu kku.k, 278. 
Umbilicaria, lloffm. 
400. 

TTncaria, Burch. 287. 

LI N ICl’XLUI.A RES, 

452. 

Upas tieuU, 307. 
Upaa-tree, 34.3. 
Urceola, lioxb. 301. 
ITredinb^, 459. 
Ilredo, Pers. 460. 
Urinia, B, 221 . 
Urene-e, 221. 

[Trcra, Gaud, 341. 
Urere.®, 341. 
IJrginea, .Km7i/A, 386. 
TJromyces, Bink, 400. 
Urlica, Tournef . 342. 
Urticacejs, 341. 
Ufiteria, WtUd. 306.,, 
UsTIEAQINKJE, 461. 
Ustilago, Pcr«. 461. 


Utricularia, B. 828^ . • 
Uva-uraiy 297. . 

ITvularia, B. 887.' 

VACClNIEJliJi 296. 
Vacciuium, B. 206. * ‘ 
Valerian, 288; 

Valeriana, Neck. 288. 

Valeri AN ACEiE, 

288. ^ _ 
t Vallisneria, Mich. 

382 

Valmiia, 351. 

Vanilla, Sw. 374. 
Vascular Crypto- 
gams, 400. 

Valeria, B. 225. 
Vauclieria, HC. 452. 
Vegetable li'org, 304. 
Vcffetahle Marrow, 

274. 

Vella, 212. 

Vi'llozia, Mart. 380. 
Venice Turpentine, 

301. 

Vcnitilajjo, Gart, 24(). 
Venturia, Not, 468. 
Venus' a Fly-trap, 21 o. 
Veratrum, Tournef. 

38ti. ^ 

Verbasciim, B. 326. 
Verbena, Xf. 321. 

V KB RE NACE*E , 321 . 
VERBENEA3, 321. ^ 
Venud-graaa, 40(5. 
Veronica, B. 328. 
\^errucaria, Pera. 4(50. 
Vervain, 321. 

Vetivei-t, 406. 

Vibriones, 471. 
Viburnum, B. 285. 
Vicia, B. 2lj3. 

Victoria, lAndl. 204. 
Villarsi^ Vent. 308. 
Vinca, B. 308. ' 

Vincetoxicum, Mcench. 
309. 

Vine Mildew, 466. 
Vinea, 244. 

Viola, L. 216, 217. 

ViOLACEAS, 216. 

Violet, 217. 
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Virffinig Creeper, 244. 
Virginian Sndke-^root, 
im, 

Virgla, Anhh 8tt4. 
Viscum, Tournef. 852. 
Viamia, Jei/ot, ‘22fi, 
ViTAcr.Ai, 248. 
Vitex,X.*821. . 

Vitis, Z. 248. 
Vivian\ckjb, 239. 
Vi>chybia, Juss. 202. • 
VoClIYSIACEiE, 202. 
Vt)l,.VOfINIEAJ, 455. 
Volvox, Xam. 4oo, 
Voyra, 308. 

Wacliendorfia, 883. 
IjIaU-JImrpr, 212. 
Walnut, ;150. 
Wolthfiin, L. 228. 
Wampee, 280. 

Warree, 400. 
Waier-beane, 204. 
Water-cheat nut, 2(54. 
Water-cresa, 212. 
Water-hevilock, 28] . 
Water-lilies, 203. 
Water-peppers, 229. 
WaUr-VJeed, 388. 

W(u -Myrtle, 344. 
We/d, 214. 
Wellingfonia, 800. 
WelwitBchia, Jlcok.f. 
308. 
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Wertnuth, 202. 

Wheat, 405. 
Whortieheri'y, 297. 
Wig-plant, 247. 
WiSaonovia, Thunh. 

400. . 

Wiamos, 346. 
Williitfliboia, Batsch, 
iA)9. * 

Winter AciAiite, 198. 
Wmttr-green, 297. 
Wint(?‘*s bark, 1559. 
WiNrKnKJE, 199. 
Witch-Hazel, 277. 
WoaJ, 2i2, 

W'olTfia, 8*98. 

Wood-oil, 28.J. 
Wood-Sorrefl, 287. 
Wom'alia, .807. 
Worm-seed, .881. 

W urmtrood, 202. 
Wrifrhtia, 72. Iir» 309. 
Wych JSlm, 44. 

XanthochymuH* Itoj.b, 
227. 

Xanihophyllum, ItoAb, 
2.82. 

Xaiitliorrliooa, Sm, 

380. 

Xa NTirOXYI, ACE A3, 

241. 

Xaiithox^cce, 241 . 


XaMtlioxylnn, Kmdh, 
241. 

Xerotes, 72. JBr, .899. 
Xylaria, Vers, 468. 
X^lophylla, X. .'1^81:^. 

lopia, X. 200. 
X\RID4CKA2, 387. 
Xyi’ia, X. .’187. 

Yams, 8(59. 

Yeast-plant, 472. 

Yellow Rattle, .*»28. 
YeUino-root, 108. 
Yellow-wood, 235. 

Yew trees, .802. ^ 

Yucca, X. .*58. 

Zalacca, lilume, 304. 
Zamifl, X. .8(55. 
ZaiiiiicbcUia, Miglt, 

.880. • 
Zt*a, X. 405. 
Zebra-wood, 2J7, 288. 
Zedoary, 370. 

Zin^biT, Geertn, .875. 
ZlNOITlKnACRA3, .87.'>. 
Zinnia, X. 298. 

Zizania, Qr. 40(5. 
Zizvphua, T<mrnef. 

240. 

Zostcia, X. 880. 
Z\GOPUYLLA( JC.13, 240. 
Zygophyllmu, X. 240. 
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[The explanations of the teohnioal terms ore given at the pages referred taj 


Abaxial embryo, 157. 
Abbreviato^ marks, 180. 
Abortion, 93. 

AbruptJj^ pinnate, G3. 
Absorption, 562. 
Acaulescent, 22. 
Accrescent calyx, 109. 
Accumbent cotyledons, 

157. 

Acerose, 58. 

Aclucnium, 145. 
Achlamydooiis, 93, 116. 
Acidii^ organic, 578. 
Acrobrya, 526. 

Acrogetie, stems of, 526. 
Aculei, 68. 

Acuminate, 50. 

Acute, 59. 

Acyclic, 89. 

Adherent, 98. 

Adluision, 85, 92, 97, 130. 
Adnate anther, 121. 

stipules, 53. 

Adventitious buds, 70, 

r»02. 

roots, 17, 18, 537, 

598. 

Aerial roots, 19. 

system, 523. 

./Estivation, 72, 104. 
Agamogenesis, 622. 

Age of plants, 540. 
Air-canals, 523. 

Alie, 111. 

Alute, 52. 

Albumen of seeds, 1.54. 
Alburnum, 532. 

Aleurone, 600. 

Algffi, morphology of, 

436. 

, reproduction of, 

4,38. 

Alternate, 42. 

Alternation, 91. 

of growth, 612. 

— of ^neration, 622. ‘ 

Altemipinnate, 63. 


Altitude, regions of, 672. 
Amber, 699. 

Amentum, 78. 

Amniotic sac, 1,56. 
Amphigastrin, 433. 
Amphitropous, 138. 
Aiuploxicaul, 58. 

Amyloid, 491. 

Anatomy, how to study, 5. 

of leaves, 539. 

of roots, ,53,3. 

of stems, .525. 

Anatropous, 138. 
Andro-monaM?iouB, 637. 
Andro-diewnous, 637. 
Andruscium, 11, 119. 
Aridroiihore, 707. 
Audrosporos, 441. 
Angiospormiu, 12, 193. 

, ovules of, ()30. 

Angular, 40. 

divorgouco, 43. 

Anisomcrous, 95. 
Auisostomonous, 124. 
Annual plants, .544. 

rings of Dicotyle- 
don s, .531. 

Annular cells, 489. 

vessels, 510. 

Annulus, 46;{. 

— — of Perns, 419. 
Anterior, 89. 

Anther, 11, 121. 

, faces of, 126. 

, forms of, 122. 

, lobes of, 122. 

, structure of, 641. 

Antheridia, 409. 

of Algm, 439. 

Autberozoids, 416, 439. 
Anthracite, 699. 
Antidromous, reversed 
direction in continu- 
ous spiral coil, see 
Homodroroous. i. 
Antipodal cells, 632. 
Apetalous, 93. 


Apex of leaf, 59. . 
^limogunete, 4^0. 
^ocarpous fruits, 145. 

pistil, 

Apothecia, 469. 

Arabine, 504. 

Archegonia, 409, 416. 
Arcuate embryo, 157. 
Areas of distribution, 

664. 

Arillodo, 154. ^ 

Arillus, 1.54. 

Arista, 111. 

Arrangement, 80, 94. 
Articulate, 40. 
Articulation of loaves, 49. 
Artidcial classifications, 
180. 

Ascending, 40. 

ovule, 137. 

Ascent of sap, 566. 

Asci, 464. 

Ascidia, 66. 

Ascogonium, 464. 
Ascospores, 464. 
Asparagin, 578, 64.5. 
AsNimilation, 576, 554. 
Atropous, 1^. 
Auriculate, .58. 

Authority for names, 167. 
Auxanometer, 612. 
Awl-sbaped, 58. 

Awn, ll7. 

Axial embryo, 167. 

Axil, 21. 42. 

Axilo plroentas, 1.32. 
Axillary buds, 21, 70. 

ii^orescence, 74. 

stipules, 54. # 

Axis, ascending, 20. 

— hy^ocotyledonary, 

Bacca, 150. 

Baccate, 141. 

Balsams, 581. 
Banyan-tree, 19. 
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Bark, 517. 

Bosidiospores, 463. 
Basidium, 463. 

Basilar style, 133. 
Bassorine, 504. 

Bast, 533. 

Bent, ham and Hooker’s 
System, 187. 

Berry, 150. 

Biennial plants, 544. 
Bilabiate calyx, 108. 

corolla, 112. “ 

Binary flowers, 90. 
Bipinnate, 63. 
Bipinnatifid, 61. 
Bipinnatipartite, 61. 
Bipiunatisuct, 01. 
Bisexual, 93. 

Biteriiate, 64. 

Bfado, 49. 

Bleeding, 572. 

Bloom of fruits, &c., 521 , 
582. 

Botanical geography, 6.58. 

geology, 698. 

regions, 676. 

Bothronchyma (pitted 
tissue), 512. 

Brachiale = decussate. 
BracU’olcs, 75. 
Bract-region, 23. 

Bracts, 75. 

Braun’s System, 189. 
BristleSj 66. 

Brongniart’s System, 187. 
Brown, B., 186. 

Budding, 618. 

Buds, 21, 34, 69, .5H613. 

, adventitious, 70, 

602. 

, axillary, 270. 

on roots, 5, 71- 

, terminal, 4, 22. 

, winter, 71. 

Bud-scales, 71. 

Bulb, 26. 

Bulbils, 26, 543. 

Bundles, closed, 516, 527. 

, definite, 515, 527. 

, fibro-vaseular, 15. 

, open, 516. 

, vascular, of Dico- 
tyledons, 529. 


Caducous, 86. 
calyx, 109. 


Caducous corolla, 114. 
Ciespitose, 47. 

Callus, 616. 

Colycifloral, 08. 
Cal^tra(of Mosses), 430, 

Calyx,' 11. 

, characters of, 106. 

, lobes of, 107. 

, throat of, 107. 

tube, 107. 

Cambium, 615. 
Cambium-region, 516. 

of Dicotyledons, 

529. 

of Monocotyledons, 

516. 

Oaiupaniilate, 108, 112. 
Gampylotropous, 138. 
Gaiuu-cell, 629. 
Canaliculate, 51. 

Canals for secretions, 524. 
Cancellato-ncrvcd, 57. 
Caoutchouc, .582. 
Capillary, 120. 

action, 667. 

Capitate stigmas, 135. 
Cupitulum, 180. 

Capsule, 148. 

Carbon, ossimilation of, 
577. 

Carbonate of lime, excre- 
tion of, 582. 

OBrb(3nio dioxide, absorp- 
tion of, ^74. 

, evolution of, 

575. 

Can^erulus, 146. 

Carina, 111. 

Carnivorous plants, 560. 
Carpels, 12, 127. 

of Qymnosperms, 

135. 

Garpogonium, 465. 
Carpophore, 101, 150. 
Caruefs System, 191. 
Curyophyllaceous corolla, 


Caryopsis, 147. 

Catkin, 78. 

Caudex, 36. 

Caudicle, 127. 

Cauliclo (=hypocotyIe- 
• donaiT axis), 21, 592. 
Cauline leaves, 49. 
Caulomc, 20. 


Cells, 474, 476. 

, annular, 489. 

, circulation in, 649. 

, olathrate, 487. 

, colonies of, 507. 

, conducting, 509. 

, contents of, 494. 

, development of, 

584. 

, duration of, 649. 

, form of, 476. 

, lattiro, 487. 

, magnitude of, 481. 

, nucleus of, 496. 

pitted, 485. 

■ , reticulated, 489. 

, Bcalariforiu, 489. 

, segmentatioii of, 

* 585. 

, spiral, 483. 

of anthers, 122. 

of ovaries, 131 

Oell-contents, 475. 
Gcll-divisiun, 585. 
Cell-formation, 585. 

Cell formation, free-, 

588. 

Cell-life, 548. 
CoU-mcuibrune, composi- 
tion of, 490. 

, molecular struc- 
ture of, 482. 

Cell-sap, 474, 494. 
Cell-wall, 481. 

— molecular struc- 
ture of, 483. 

Cellular envelope, 520, 
529. 

system, 514. 

tissue, 476. 

Cellulose, 490. 

, detection of, 491. 

Central placentas, 131. ^ 
Centres of diflPusion, 665. 
Oontrifugol inflorescence, 
76. 

Centripetal inflorescence, 
76. 

Ceramidium, 439. 
CemuuB, 40. 

Chalasa, 137, 153. 
CharacesB, reproduction 
of, 445. 

Characters of plants, 

. 173. 

, diagnostic, 177. 



732 


OENE11A.L AND QLOSSARIAL INDEX. 


Oharacters, generic, 176. 

, specific, 177. 

, value of, 182. 

Chlorofucin, 4J)9. 
Chlorophyll, 4118. 
Chorisis, 1)6. 
Chronizoospore, 438. 
Cicatrix, 52. 

Circinate, 74, 14.5. 
Circulation in cells, 549. 

of snp, ,566. 

CircinusciBsilc deliiscenco, 
142, 143. 

Cirri, 67. 

Cladodo, 41. 

Classification, artificial, 
180 

— , natural, 182. 

, principles of, 1,58. 

, systems of, 158, 180. 

Clathratc colls, 487. 

Claw, of petals, 100. 
Cloistogainie, 637, 630. 
Climate, 658, 668. 
Climbing plants, 41), 6,56. 
Closed, 114. 

Cloves, 20. 

Coal, 600. 

Coats of ovule, 137, 

Cocci, 142, 150. 
Coccidiuni, 438, 430. 
Cochlear, 105. 
Coelileariforiii, 110. 
Coht'sion, 07. 

Colcorhizu, 18,5.3.5, 50,3. 
Collar of stems, 526, .5,37. 
CoUonchyrnn, 507, TOO, 
Collonchyma-eells, 500. 
Colloid, .562. 

Colonics of cells, .507. 
Coloured light, action of, 
60.5. 

Coloiiring-iuatter of 
flowers, 504. 

Columella of Mosses, 4.32. 
Column of Orchids, 130, 
370. 

Coma, 153. 

Common calyx, 80. 

receptacle, 80. 

Complete flower, 93. 
Compound flower, 80. 

glands, 524. 

inflorescence, 84. 

leaf, 55, 62. ' 

pistils, 130. 


Compound stamen, 120. 

umbel, 79. 

ComproHsed, 40. 
Conoeptucles, 439, 447. 
Conduplicate, 73, 104. 
Conducting colls, 513. 

tissue, 541. 

Cone, 78, 152. 

Confluent fruits, 1.51. 
Coiiidia, 457, 613. 
Coiiidiojihore, 4,57. 
Couiugsitiou, 440, 494, 
585, 621. 

Connate leaves, 58. 

stipules, .54. 

Connective, 121. 
Coniiivent sepals, 107. 
(Joiisistcnce of leaves, 65. 
Constituents of plaiits, 
5.56. 

Contact action, 578. 
Contents of cells, 494. 
Contorted ccB(i\ation, 

105. 

Convolute, 72, 104. 
Convolutive mstivalion, 
105. 

Cordate, 58. 

Co|riJU!eous, 6.5. 

Cork, 521. 

caTiibium, 522. 

Cormophyta, 408. 

Conns, 27. 

Corolla, characters of, 
109. . 

Ct)rollifloral, 98. 

'Ctirona, 114. 

Corpuscles, germinal, 
().32. 

Corpuscula, 628. 
Corrugate, 105. 

Corticjil system, 517. 

Corymb, 78. 

Corymbose cyme, 84. 
Costae, 55. 

Cotyledons, 157. 
Creeping, 31, 40. 
Oromocarp, 149. 

Cronate, 59. 

Crested petals, 104. 
Crista, 110. 
Cross-breeding, 640. 
Cruciform corolla, 110. 
Crude sap, 572. i. 

Cryptogainia, 10, 408. 
, o^ssifioation of, 1 89. 


Cryjptogamia, morphology 

Orj'stis, 506. 

Crystalloid, 501, 562. 
Culm, 33. 

Cunoaiu, .58, 

Cupule, 149. 

Curved embryo, 157. 
Ourvinerved, 55. 

Cuticle, .521. ^ 

Cutieular layers, 484. 

cCttings, 616. 

Cyuthiiiin, 338. 

Cycle, 43. 

Cyme, 81. 

Cynarrliodum, the fruit 
of liosa (aohenes in a 
concave receptacle), 
256. 

Cyptela, 146. ' 

Cystidia, 463. 
tJvstolitluss, 506, 524, 
‘580. 

Cytoblast, 496. 

Dark, plants grown in 
the, 576. 

Darwin’s hypot.liesis, 16.'i. 
Day and night growth, 
611. 

Death of jilants, 546. 

De Candolle’s System, 
186. 

Deciduous, 86. 

calyx, lOi). 

corolla, 109, 114. 

leaves, 65. 

Deelinatc stamens, 124. 
Dcr«)i II position of wir- 
bonio dioxide, 575. 
Deeomjiound, 63. 
Decumbent, 40. 
Deciirrcut, 52. 

leaves, .58. 

Decussate, 47. 
Dedoiiblemcut, = chori- 
sis, 93. 

Definite inflorescence, 

76. 

vascular bundles, 

516, 527. 

Defloxed, 41. 

Dehiscence of anthers, 
123. 

of fruits, 142. 

Deltoid, 58. 
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Dentate, 59. 

DfMixidaLion, effects of, 
577. 

Deposits, secondary, 484. 

, siliceous, 49z. 

, torliary, 490. 

Deriviitivo liypulhcBis, 
103. 

Dormatogen, 515. 

DcscLMit- of sap, .572. 
Descriprioii of plants, 

17». • 

Development, 51. 

, laws of, 547. 

of buds, 002. 

of cells, .■)84. 

of llorsil organs, 0(K). 

of leaf-organs, 590. 

of ovules, 541, 000. 

— of roots, 500. 

of rootlets, 598. 

of stamens, OtK). 

of stem, 594. 

of stomata, 591. 

— of vessels, 691. 

, progressive, 80. 

, simultaneous, 000.* 

, suecessive, 000. 

Dextrine, 50.3. 

Dextrorse, 100. 
Diodclphous, 07, 100. 
Diagnoses of plants, 176. 
Diagnostic tables, 179. 
Diagriims, floral, 102. 
Diolypetalous, 97. 
Dialysepalous, 97, 100. 
Diandrous, 124. 

Diastase, .503. 

Dichasium. 39, 82. 
Dicblamydeous, 93. 
Dichogamous, 038. 
Dichotomy, 39. 

Diclinous, 94, 112, 615. 
Dicoty led ones, 12, 193. 

, roots of, .530. 

, stems of, .529. 

Didynaraous, 100. 
Diffusion, 125. 

of fluids, 502, 560. 

Digitate, 03. 

Dilated filament, 120. 
Dimerous flowers, 90. 
Dimidiate anthers, 123. 
Dimorphism, 15,125,630. 
Dioecious, 94, 637. 
Direction of seeds, 153. 


Disk, 81. 97, 118. 
Dissectod leaves, 61. 
Dissepiments, 130. 
Distichous, 4^5. 
Di.stribution, 664. 

, geological causes 

of. 065. 

Divaricate, 41. 
DivergenciC, angular, 43. 
Divergent .sepals, 107. 
Diverticula, 632. 

Di\ision of cells, 58.5. 
Dorsum of anther, 121. 
Dotted ducts, 512. 
Dracicna, stem of, 527. 
Droscru, 501. 
Drupaceous, J41. 

Drupe, 140. 

Ducts dotted or pitied, 
490, 512. 

Durauion, .5.32. 

Dm*aiion ()f calyx, 109. 
of leaves, 05. 

liiCtoplasm, 495. 
lillaboration of fowl, 574. 
Elaters of EquUetinn, 
417. 

Elective affini^, 042. - 
Electricity, influence or, 
007,044. 

Elements, chcinicnl, 550, 
Ernargimite, 59, 11.5. 
Embryo, 15^ 131, 150. 

, development of, 

635. 

Embryo-sac, 138, 0.32. 

, secondary, 028. 

Bmbryo^eny o*f Angio- 
spermia, 635. 

of Gymnospermia, 

629. 

Embryonal cell, 63.5. 
Enantiobhistic, 157. 
Eiiuiiun, 92. 

Endlicher*8 System, 180. 
Eiidocarp, 141. 
Endoderm, 517. 
Endoplasm, 495. 
Endopleura, 163. 
Endorhizal, 503. 
Endosmose, 563. 
Endosperm, 156. 
JSndosperm -cells, forma- 
tion of, 537. 
Endostome, 137, 031. 


Endothocium, .541. 
lOnsifurm, 58. 

Entire leaves, 55, 59. 
Epicalyx, 104. 

Epicarp, 141. 

Epidermis, 517. 

, development of, 

591. 

Epigeal, 592. 

Epigune, 430, 433. 
Epigynoiis, f)8. 

Epiphytes, 18. 
Equisotaceue, morphology 
of, 417. 

— reproduction of, 
418. 

, stems of, 562. 

Equitani, 73. 

Essential diameters, 170. 

oils, 504. 

organs, 118. 

of flowers. 118. 

Encyclic, 91. 

Evaporation of fluids, 5l »4. 
Evergreen loaves, fi5. 
Evolution of carbonic 
acid, 575. 

of lieat, 648. 

of nitrogen, .575. 

of oxygon, .574. 

Exalbumirious, 154. 
Examination of plants, 
mode of, 3. 

Excentric embryo, 1.57. 
Excrescent, 80. 
Excretions, 580. 

of air, 580. 

of water, 580. 

Exorhizal, .593. 

Exosiome, 137. 
Exothecium, 541. 
Exsertod, VM. 
Exstipulatc, 48. 

Extine, 023. 
Extra-axillary, 85. 
ExtruvawitiiiTi, 507. 
Extrorse, 120. 

Exudation, 507. 

Fane of anther, 126. 

Fall of the leaf, 540. 
FaTiiilioe of cells, 50 
FasciatioD, 8.5. 
Fasciculate leaves, 47. 

• roots, 17. 

Fasciculus, 84. 
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Fastigiate. 36. 

Faux, 107. 

Favellas, 439, 448. 
Fecuudation by aperma- 
tozoids, 441. 

Felted tisBue, 510. 

Fomalo flowers, 94. 
Fenestrate, 148. 
Fermentation, 553. 

FornB, morphology of, 
420. 

, reproduction of, 

419. 

, Rtems of, 526. 

Fertile flower«, 04. 
Fertilization, phenomena 
of. 035. 

— , cross, 030, 040. 

, self-, 040. 

of ovules, 029, 631 , 

0.34. 

Fibfo, woody, 515. 
Fibrillm, 10. 

Fibrils of roots, 527. 
Fibrose, 492. 

Fibrous cells, 488. 

layer of Monocoty- 
ledons, 527. 

roots, 10. 

Fibro-vasoular bundles, 
516. 

, origin of, 

532. 

system, 515. 

Filament, 11, 120. 
Filiform, 120. 

appendage, 033. 

collB, 478. 

segniontB, 61. 

Fissiparoiis reproduction, 
440, 585. 

Fistular stt^ms, 40. 

Fixed oils, 504. 

Flexuous, 40. 

Floating, 40, 61. 
Floccose, 65. 

Floras, insular, 093. 
Floral clock, 654. 

S’envelojies, 11, 103, 

organs, structure of, 

540. 

Florets, 81, 106. 

Flower, 80. 

Flower-bud, 74. 

Flowers, complete and ii/- 
complete, 93. 


Flowers, “doubling” of, 
92. 160. 

, essential organs of, 

118. 

, parts of, 88. 

Fluids, difftision of, 560. 

, evaporation of, 568, 

580. 

Fluitans, 40. 

Folded embryo, 157. 
Foliaceous cotyledons, 
157, 592. 

j)edunclc, 85. 

Foliola, 02. 

Follicle, 140. 

Food, elaboration of, 574. 

of phmis, .555. 

, sources of, 561, 

569. 

Foramen, 137. 

Force, during growth, 

012 . 

Form of cells, 476. 
Formations, floras of, 
700. 

Formulas, floral, 102. 
Fossil floras, 700. 

plants, 099. 

F^rssils, kinds of, 099. 
Fretvcell formation, 588. 
Free central placenta, 
132. 

fruits, 14.5. 

stipules, 53. 

Frigofuges, 0(#0. 

Fruits, characters of, 139. 

, clussiflcation of, 

145. 

, dehiscence of, 141. 

, monothalamic, 145. 

, multiple, 140. 

, polytholainic, 145. 

Frulex, 41. 

Fruticulus, 41. 

Fucaceoe, reproduction of, 
449. 

Fundamental tissue, 516. 
Fungi, 455. 

, morpbolo^of, 411. 

— , reproduction of, 
411. 

Funiculus, 136, 153. 
Furfuraceous, 66. 
Furrowed, 41. » 

Fusiform ce^ls, 478. 
Fusiform root, 16. 


Galbulus, 152. 

Galeate, 112. 

Gametes, 459. 
Gamogenesis, 622. 
Gamopetalous, 97, 112. 
Gamophyllous, 115. 
Gamosepalous, 97, 107. 
Gelatinous coat of cells, 
484. 

Geminate, 42. , 
Gemmse, 415. 
dWera, names of, 101. 

, nature of, 101. 

Gtoncric character, 170. 
Genus, nature of, 9, l(»l, 
l()2. 

Geographical botany, 
008. 

Geological botany, OOd 
influences on distri- 
bution, 000. 

Geology, butiinical, 0(18. 
Geotropisiii, 008. 
Oorm-cell, 021. 
Germ-vesicle, 156, 022, 
032. 

Germination, .553, 591, 
044. 

Gibbous, 108. 

petals, 110, 113. 

Gills, 403. 

Glabrescent, 65. 
Glabrous, 41 , 6.5. 

Glands, 06, 519, 523. 
Glandular flluments, 120. 
Gians, 149. 

Globule of Characoa:, 
445. 

G loin endue, 84. 

Glucose, 581. 
Glumacpous, 110. 

Glume, 116. 

Glutinous, 66. 

Gonidia, 413, 448, 409, 
014. 

Grafting, 017. 

hybrids, 643. 

Granulose, 502. 
Grape-sugar, 581. 
Gravitation, 608. 
Gro^ering-points, 594. 
Growth, day and night, 
611. 

, direction of, 598. 

of Dicotyledons, 

529. 
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Growth, periodicity of, 
544, 611. 

Gum, 504. 

, exudation of, 580, 

Gutta peroha, 582. 
Gymnospermia, 13, 356. 

, carpels of, 136. 

, embryogenyof, 628. 

, ovules of, 628. 

r, pollen of, 625. 

, sftimens of, 124. 

Gyuieciuin, 12, 126. J 
Gynandropboro, 101. 
Gymmdrous, 126. 
Gynobosic, 133. 
Gyno-hermaphrodiie, 

(W. 

Gj^io-inoTioDcioiis, 037. 
Gynophure, 101. 

Habit of plants, 545. 
Hairs, 810. 

Holf-equitant, 73. 
Haploslenionoiis, 124. 
Hastate, 68. 

Haustoria, 411, 458. 
Heart-wood, 632. 

Heat, effects of, 004, 652. 

of plants, 047. 

Heliotropisiu, 606. 
Homicyolic, 89. 

Hepatictc, morphology of, 
433. 

, reproduction of, 

433. 

Herbaceous envelope, 

533. 

stems, 32. 

Herbarium, 4. 
Hermaphroditf, 93. 
Hoterogonous, 630. 
Hetorostylia, 638. 

HUum, 137, 153. 

Hirsute, 41, 65. 

Hispid, 65. 

Homoblastic, 157. 
Homodromous, identity 
of direction in succes- 
sivo spiral coils (see An- 
tidromous). 
Honey-dew, 581. 

Hooked embryo, 1.^. 
Horizontal ovule, 137. 
Horny endosperm or al- 
bumen, 156. 
Humifusus, 40. 


Humus, .558. 
Hybridization, 618, 640. 
Hybrids, 160, 1158. 

from grafting, 617, 

644. 

, names of, 168. 

Hygrophilcs, 661. 
Hymeiiiutu, 463. 
Hymenophoro, 463. 
Hyplne, 411. 
Hyimcotylodonary axis, 
22, 156. 

Hypocratoriform, 112. 
Hypoderm, 52. 

Hypogeal, 592. 
IIypt)gynouB, 98. 

Imbibition, 567. 

Imbricate aistivotion, 

104. 

buds, 73. 

leaves, 47. 

Iniparipinnate, 62. 
Imperfect flowers, 118. 
Impregnation, 639. 
Inarching, 618. 

Incised, 59. 

Included, 125. 

Incomplete, 93, 118, 
Incumbent cot 3 dedonB,' 
157. 

Indefinite bulbs, 26. 

inflorescence, 76. 

Tudupliooto, 73, 104. 
ludusium. 419. 

Inferior, 98. 

fruits, 145, 140. 

ovary, 41, 130. 

Inflated, 108. 

petioles, 52, 67. 

Inflorescence, 10, 70, 

, extra-axiUary, 85. 

InfruloBcenoe, 151. 
Infundibaliform, 108, 

112 . 

Innate antlier, 121. 
In8ei)uration, 97. 
Insertion, 49, 98. 

Insular floras, 693. 
Integuments of ovule, 37, 
001 . 

Intercellular boundaries, 
507. 

^ passages, 523. 

* Intemodes, 21. | 

Interpetiolar stipules, 54. 


I nterruptedly pinnate, 63. 
Intine, 623. 

IntraiMtialar stipules, 5*3. 
Introrse, 126. 

Inulino, 50.3. 

Invuliioel, 76. 

(Jungermannioocoi), 

433. 

Involuore, 76. 

(Jungormanniooea*), 

433. 

Involute, 59, 74, 104. 
Iodine tost for starch, 502. 
Irregular calyx, 108. 

corolla, 112. 

perianth, 115. 

Irrogularitj', 91, 99. 
Irritability, (>52. 
IsomeroiiB, 91, 95. 
Isosteiuonoiis, 124. 
Isothermal lines, 659. 

Jointed, 40. 

Jiiga, ()3. 

Jussieuon System, 1K5. 
Keel, 77. 

Knots of Dicotyledons, 
532. 

Labollum, 115, 370. 
Ijabiate, 113. 

Laciniuto, 61, 

Lacuiue, 523. 

L;cvib, 41. 

Lamina, 49. 

of loaf, 54. 

of petal, 109. 

Ijanate, 6.5. 

Lanceolate, 58. 

Lateral embryo, 157. 

stylo, 133. 

Latex, o82. 

Laticiferous canals, 523. 
Lattice-nerved, 57. 
Layering, 617. 

Layers, 616. 

Leaf, 10, 41. 

, faU of, 5*10. 

Leaf-bud, 69. 
Leaf-climbers, 657. 
Leaflets, 62. 

Leaf-region, 23, 31. 
Leaf-scale region, 22, 24. 
Leaf-sheath, 49. 
Leaf-stalk, 49. 
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Leaves, absorption byi 

, arrangement of, 4J. 

, development of, 

, forms of, 55, 57. 

, modifications of, 06. 

, radical, 48. 

— — , structures of, 539. 

veins of, 540. 

Legume, 145. 

Leiiticols, 522. 

Lepidotus, 60. 

Liber, 517, 522, 533. 
Liber-cells, 477. 
Liber-region, 570, 5-J. 
Lichens, morphology of, 

468. 

, reproduction of, 

469. 

Life of plants, 473. 

Light, action of, f>49, 5<o, 
605. 652. 

Ligulate corollas, 1 12. 
Ligulo, 54. 

Liliaceous perianth, IIU. 

Limb of cafj^, 107. 

of corolla, 112. 

of pend, 109. 

Lindloy’s System, 187. 
Linear, 58. 

Lincar-lanceolato, 58. 
Linniuan System, 18. 

Lip, 115, 370. 

Lobod leaves^ 60. 

Lobes, 61* 65. 

of author, 122. 

of calyx, 107. 

Loculi of anthers, 122. 

of ovaries, 128. 

Loculicidal, 143. 

Lociistn, spikelct of a 
grass, 78, 402. 
Loiliouhe, 117. 
Lomentum, 147. 
Luminosity of plants, 649. 
Lycopodiacero, morpho- 
logy of, 4^. 

reproduction ot, 

400- 

— , stems of, 52o. 
Lyrate, 61 . 


Mace, 154. 

Macrospore, 139, 424. ( 
Macrotuerms, 660. 


Mocroaoospore, 438. 

Male flowers, 94. 
Malpighiacese, stems of, 
530. 

Manubrium, 4^. 

Manures, 557. 

Marcoscent calyx, 109. 
Margins of leaves, 59. 
Marine plants, 561. 
Marsileaccffi, morphology 
of, 420. 

reproduction of, 

626. 

Mealy endewporm, or al- 
bumen, 155. 

Medulla. 529, 532. ^ 

Medullary rays, 529, 532. 

sheath, .520. 

Meiotherms, 060. 
Membrane, cell-, 481. 

of cells, composition 

of, 490. 

, porosity of, 481. 

McTubranous, 65. 
Mercnchyma, 508. 
Mcricarps, 144, 150. 
Mcriatem, 514. 

Mesooarp, 141. 
M^sothoeium, 541. 
Bnsotherms, GtU). 
Metamorphosed leaves, 
66 . . 
Metamorphosis, 88. 
Metastasis, 555. 

Methods of study, 3. 

Metis, 641. 

Microgonidia, 441. 
Micropyle, 137, 149, 6ol. 

Microscope, 5. 
Microspores, 126, 424. 
Microtnerms, 660. 
Microzoospore, 438. 
Midrib, 55. . 

Migration of ap^es, 662. 
Milk-vessels, 623. 

Milky juices, 682. 
Mineim products, 682. 
Mistletoe, 20. 

Molecules, 483. 
Monadelphous, 97, 126, 
Monaiidrous, 124. 
Mouiliform, 120. 

duct3, 510. 

Monocarpic, 545. 
Monochlamydeous, 93, 
116. 


Monocotyledonos, 12, 

14. 

— , roots ot 534. 

— stems of, 528. 
Monoclinous, 638. 
Moncpcious, 94, 637. 

Monopetalous, see Ghiino- 

petalouH, 97, 112. 

corolla, 112. 

Monophyllous, 116. 
Monopodial, .39, *82. 
^^onosepaloiiB, 107. 
Monothalamic, 145. 
Monstrous carpels, 128. 
Morphology', general, 7. 

of Cryptogamia, 

408. 

of Phanerogamia, 

10 . 


Mosses, morphology Af, 
428. 

, reproduction of, 

428, 432. 

stems of, 525. 

Movements of nucleus, 

497. 

of plants, 650. 

of protoplasm, 548. 

_ — of spormatozoidB, 
550. 

. — - of tendrils, 657. 

of zoospores, 550. 

Mucronate, 59. 

Mules, 641. 

Multi jugate, 63. 
Multiiocular ovary, 130. 
Multiplication, 92, 579. 

. Muriform parenchyma, 
598. 

Mycelium, 413. 

Kaked buds, 71. 

flower, 93. 

Names of plants, 164. 

, generic, 165. 

, specific, 165. 

, varietal, 168. 

Napiform root, 16. 
Natant, 65. 

Natural clasaifloation, 
182. 

— families, 160. 

selection, 163. 

Navicular, 110. 
Neck-cell, 628. 

Nectary, 110 
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^Nectaries, 114. 

Nervaturo of loaTen, CiC}. 
Nerves, 55. 

Noutor flowers, 94. 
Nitrogen, sources of, 559. 

, eflbet of, 576.- 

, elimination of, 575. 

Nitrogenous constituents, 
578. 

Nodfliiig, 40. 

Nodes, 21, *42. 

Nuduso, 4(). \ 

Nomonclatiiro, 104. 
Noteronbiles, 001. 
Nuoleoliis, 497. 

Nucleus of colls, 400. 

, changes in, 5Hrt. 

band, .^>88. 

- of ovule, lilO. 

Nudilaniuiii, 150. 

Nucule of Characco*, 44.5. 
Nucules, 14<J. 

Nunibor, 90. 

Nutans, 40. 

Nutriment, sources of, 
557. 

Nutrition of colls, 547, 
551. 

ill iklgie, .5.54. 

Nymphreucea*, stem of, 

5:W). 

Obcordate, .59. 
Obdiplostemoiious, 124. 
Oblique, 58. 

Obliquity, 101. 

Obovate, 57. 

Clbtuse, 59. 

Obvolute, 7"‘l. 

Ocoluse, 114. 

Ocrea, 54. 

Oflsels, 3^-1. 

Oils, essential, .504. 

, fixed, 503. 

, volatile, 581. 

Oosphore, 150. 

Oospores, 455, 028. 
Opercular dehiscence of 
anthers, 123. 

Operculum of Mosses, 
42.3. 

Opposite, 42. 

Orbicular, 57- 
Orchids, roots of, 636. 

, names of, 109. 

Organic acids, 578. 




Organogeny, 87. 

Organs, 73. 

development of, 87, 
591. 

, essential, 118. 

, internal anatomy 

of, 525. 

OrthotropoHS, 138. 
('Isinose, 502. 

Ovary, 12, 128. 

Ovate, 57. 

fOvate-lanceolate, 58. 
Overhanging, 49. 

Ovule, 1.*1G. 

, characters of, 136. 

, developmontr of, 

601. 

, parts of, 137. 

of Angiospernis.0.‘i0. 

of (JymnoHiicrmB, 

028. 

, of Phanerogams, 

027. 

, structure of, 541. 


Podatifld, 01, 63. 
Pcdatipnrtite, 01, 63. 
Podatiseet, 61 , 63. 
Pedicel, 75. 

Peduncle, 75. 

, foliacoous, 85. 

Peltate, 50. 

anthers, 1 24. 

stigma, 135. 

Pendent, 40. 

Pendulous, 40. 

ovule, 137. 

Penicillate atij^mtis, 135. 
Penninervod, 55. 
Pentudolphous, 120. 
Pentamerous flowers, 01. 
PentoMticliouB, 44. 

Pepo, 151. 

Perennial plants, .544. 
Perfect flowers, 91, 118. 
Perfoliate, 58. 
Perforated cells, 493. 
Perianth, 11, 104. * 

, characters of, 108, 


Oxygen, evolution of, 575. 
.Ozone, action of, 559. 

Palate, 113. 

Pules, 70, 117, 403. 

of capitiihi, 80. 

Palisade tissue, 540. 
Pahiinte, 03. 

I’almifid, 61. 
I’alminerycd, .55. 
Palmipartite^ 01 . 
Palmipinnate, 04. 
Palmisect, tJl. 

Panicle, 78. 

Paper, botanical, 4. 
Papilionaceous corolla. 

Pappus, 108. 
Paracelluloso, 492. 
Parallel-nerved, 55. 
Parasitic plants, 20. 
Paroncbynia, 607. 

Parietal placentas, 132. 
Faripinnate, 63. 

Partial petiole, 62. 
Passages, intercellular, 
62-3, 

Patent, 41. 

Pectase, 581. 

Pectin, 581. 

Pectose, 581. 

Pedate, 61, 63. 


114. 

— of Grasses, 117. 
Periblem, 515. 
Itericambium, 516, 597. 
^Pericarp, 140. 

^ Perichajtial leaves, 43.3. 
Perichffitium, 433. 
I’eriderm, 522. 

Peridium, 407. 

Perigone, 104. 

( Jungermanninewr), 

43.3. 

Perigonial leaves, 43.3. 
Perigynium, 1 17. 
l^erigynouB, 90. 
Periodicity in plants, 544. 
Peripherical embryo, 157. 
Perisperm, 1.54. 
Peristome, 431. 
Perithecia, 468. 
Persistent, 80. 

oalyr, 109. 

corolla, i 14. 

Personate, 1 13. 

Perulae, 71. 

Petals, 11, 103, 109. 

strap-like, 110. 

Petaloid, no. 

filament, 120. 

perianth, 11.5. 

Petiole. 49, 51, 148. 

— structure of, 640. 

3 B 
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Pc'tiolulo, 02. 
l‘hnnoroganii. 1 , 9, lO.*). 

rt*pn)ducLion of, 

(J22. 

Phollogon, 522. 
PhilotiicpwiH, 000. 
Phloi-m, 517, 522.^ 
Pho8T>l I orerjornce, 040. 
Phyliooyanine, 499. 
Phyllodea, 51. 

Phyllodin, 00. 

Pliyllody. 87, 128. 
i*hyllonic, 11. 20, 41. 
Phyllotaxy, 42. 

of flower**, 80. 

Pliylloxanthino, 499. 
Phyaiolo^jy, 470. 
Piloorhiza. 505. 

I’iltMis, 403. . 

Pilowe, 41, 0.5, 

Pinna', 02, 05. 

Pinnate, 02. 

Pinuntilid, 0»0. 

Pinnati parti to, 00. 
Pinniitif.O(*t, 00. 

Pinnides, 01, 0,5. 

Piutila, characters of, 
127. 

, structure of, 541. 

Pitchor-plants, 00. 

Pilchers, 00. 

Pith of IlicotylcdonH, 
532. 

Pits of cell-membriuie, 
487. 

Pitted c(‘ll8, 48.5. 

diKjfs, .512. 

Placenta, 129, 132. 
Placentoids, 122, 541. 
Plaited irstiyalion, 105. 
Planogaineto, 459. 

Plants, dcscripl ion of, 
170. 

, distribution of, 003, 

608. 

, food of, 5.54, 555. 

, fossil, 099. 

, simplest, 8. 

PlKsmodiocarp, 470. 
Plasmodium, 413, 495. 
Plnstidule, 490. 
Pleiomcry, 93. 

Pleiotaxy. 92. • 

PI rome, 515. 

Plicate. 74, 104. ( 

(estivation, 105. 


Plumule, 14, 32, 69, 122, Protballium, 400. 

1.56. Protogynous, 038. 

Podosperm, 137. Protonenia, 411, 428. 

Pollarding, 015. Protoplnsm, 495. 

Pollen, 17, 119, 120, 023. , movements of, .548. 

, examination of, 62.5. Pruinoso, 05. 

of Gymiiospormia, Pubc^scent, 05. 

625. PulvinuH, a53. 

, formation of. 024. Putamen, 141. 

Pollen-masses, 12t>, 024. Pycnidia, 409. 
Pollen-tulws, 027, 033. Jyrenc, 141. * 

PolUnia, 127, 024. CPyxis, 148. 

Polliuodium. 405. 


Pol yade I phous, 1 00. 
Polyandrous, 124. 
PolycotylodorioiiM. 157. 
Polygamous, 94, 0,37. 

Poly petal oua, 97. 110. 
PolyphylloiiH, 1 1.5. 
Polyscpalons, 97, 107. 

calyx, 107. 

Polyl balamic, 137. 
Pomum. 1.51. 

Porosity of membrane, 
481. 

Porous cells, 485 493. 

dcbisctMice of 

anthers, 2.3. 

g of fruit, 1 13. 

Posterior, 89, 

Post vent itious bulbs, 20. 
Pra'floration, 10.5. 
i’rirflfliation, 72. 
Prarmorsp, .31, .592. 
Prjcvcntitiovs bulbs, 20. 
ProsHurc, 507. 

Prickles, 687. 

Primary membrane, 482. 
Primino, 137, 153, 601. 
Primitive flbro, 484. 
Primordial parenchyma, 
479. 

utricle, 495. 

J’rocambiiim, 515. 
Prociiiiibont, 40. 
Proembryo, 029. 
Progressive vascular bun- 
dles, 617. 

Proliflcation, 88. 
Propagation, 610. 
Prosonchyma, 507, 508. 
Prostrate, 40. 
Protandroiis, 038. 
Protecting-sheath, ol^. 
Proteinaooous matters, 
.5(K), .579. 


Qninate, 03. 

Qiiinciincial, 44, 104. 
lestivation, 104. 

JIacemo, 78. 

Races, nature of, 100. 
Had 1 is, 02. ^ 

Radiant florets, 8J, 290. 
Radiate, 1.35. 

Radical b‘avcs, 40. 
Radicle, 15. 150, .5‘.)2. 
Radix niultieeps, 32. 
Ramal leaves, 49. 

Rami ilea tioii, 38, 41, 70. 

, modes of. 38. 

, monopodinl, .38. 

, sympodial. 39. 

Ramosissimus, 41. 

Raphe, 1;18, 1.5.3. 
Raplmles, .500, 582. 

Rate of growth, 012. 

Ray, 81. 

Rays, medullary, 520.532, 
Reagents, chemical, 0. 
Receptacle of flowers, 88, 
100 . 

, anatomy of, .542. 

, common, 80. 

, Fungi, 413. 

Rccoptacular tulx), 99. 
106, 107. 

Reclinate, 73, 104. 
Reduplicate, 105. 

Regions of altitude, 672. 

of vegetation, 09^). 

Regular calyx, 108. 

corolla, 110. 

- 7 — flower, 99. 
Bojuvenescenco, 584. 
Reniform. 58. 

Repand, .59. 

Repens, 40. 

Boplura, 132, 148, 200. 
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Representative species, 

(m. 

Reproduction, Ol.S. 

, vegetative, 

of Cryptogamia, 

4()9 4]0. 

of Thullophyta, 435. 

of Phanerogamia, 

581. 022 . 

Roservoirs/or secretions, 
523. 

Resins, secretion of, .581. 
ItoBpiration of plants, 
570. 

, chloropbvllian,574, 

577. 

, general, 575, ,577. 

Resting-spore, 442, .544. 
Re.siminate ovule (ol‘ 
Prarnbaginaceu*), 137. 
R(‘tinu luted cells, 4HU. 

- • “ vessels, ,510. 
Retinaculum, 127. 
Rolroscrrate, 50. 

Retuse, 50. 

Reversion, 043. 

Rev(jlule, 50, 74. 
Rhizome, 15, 31). 
Rhizolux}' (arrangement 
of roots), 1 0. 
Rbomboidal, 58. 
Rbytidoine, 522. 

Ribbed, 40. 

Riibs, 65, 540. 

Rind of Monocotyledons, 
528. 

Riugent, 114. 

Ringing of stems, 573. 
Root, JO, 14. 

Roots, adventitious, 15, 
17, 537. 

, aerial, 18. 

• , a.xial, 15. 

— buds on. 15. 
—^►development of, 
590. 

, direction of, 580. 

, fibrils of, 110. 

■ , selecting power of, 

503. 504. 

, structure of, 533.* 

, tuberous, 17, 538. 

Root-action, 565. 
Root-cap, 535, 507. 
Root-haVs, 17, 537. 
Boot-stock, 30. 


Rosaceous corolla, 110. 
Rosette, 020. 

Rosulate, 47. 

Robite corolla, 1 1 2. 
Rotation of cell-sap, 448. 
Ruminated endosperm or 
albumen, 150. 
Ruucinate, 01. 

Runners, 33. 

|8aceate, 108. 

^ — ■ — petals, 1 10. 
H.igittatc, .58. 

Sal\ er-sbaped, 112. 
Sannira, 148. 

8ap, aseent of, .500, .508. 

^ eauscH of, .507. 

, crude, .572. 


Seeds, vitalityor,544,045. 
iSegnumtation, 585. 
Segments, 01, 05. 
Selecting power of roots. 

Selection, natural, 10.3. 
Self-impregnation, 039. 
Sensitive plants, 0.50. 
Sepals, 1 1, 1(H>. 

Septa of cells, 480, .507, 
Septenatc, 0.3. 

Septicidal, 14.3. 
Septifragul, 142. 

Septum of anthers, 122. 

of fruits, 142. 

Sericeous, 0.5. 

Serrjitc, 59. 

Sessile, ,50. 


, dL‘sc(‘nt of, .572. 

- force of, .5<i8. 

' , elabomted, 507, 
.572. 

Sapindacese, stems of, 

530. 

Saprophytes living on 
' decaying matter, ,5,58. 
Sap-wood, .532. 

Sarcocurp, 141. 

Scabrous, tin. 

Sealariform cells, 489. 

vehscils, 612. 

Seales, 519. 

of corollas, 1 1 4. 

Scaly, 00. 

bulb, 25* 

Scandens, 40. 

Scape, 75. 

Scattered, 42. 

Scliizocarp, J4.3. 
Sclerencliyma, 508. 
Scorpioid cyme, 82. 
Scurfy, 00. 

Secuindary layers, 483. 

spiral, 4<i. 

Stjcrctnm, .579. 

Secretions, canals for, 
524. 

, reservoirs for, 524. 

Secretory system, ,523. 
Si^cimd, arranged on one 
side only. 

Secundine, 153,0.31. 
Seedling, development of, 
691. 

Seeds, 10. 

, characters of, 153. 


llowor, 75. 

b'avea, ,^»0. 

Hligrna, l.‘*3. 

Seta of Mossfh, *ic., 4.3k 
SetUJ, (iO. 

S(‘l O.SC, 41, 05. 

Sexual rej)r()duction, 020. 
Sheath, leaf-,,52. 

Sieve disks, 488. 
cells, 488. 

®Silica, excretion of, 582. 
Silici>ous (1o]K)sil.B, 492. 
Silicula, 148. 

Sdiqua, 148. 

Simple leaf, .55. 

mstils, 129. 

Simultaneous vascular 
bundles, 510. 

M'borls, 48. 

Siniatrorse, 100. 

Sniuato, 00. 

Sinus, 107. 

Skeleton of plants, 492. 
Sleep of plants, 652. 
Slips, 010. 

Snow-line, 073. 

SofJi bn.st<, .522. 

Solitary tlowcrs, 75. 

Sori of Algfc, 4t39. 

of Ferns, 419. 

Sorosis, 152. 

Spadix, 78. 

Spaibe, 70. 

Spatulate, 58. 

Species, names of, 159, 
|105, 166. 

-J — , nature of, 1.59. 

, origin of, 103. 
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Species, represenUtiye, 
(564. 

Specific character, 177. 

centres, (505. 

Sperniatia, 469. 
Spermatozoids, 410, 448, 
464 

Spernl-cells, 621, 623. 
Spcrinogonia, 4(59. 
Spicular colls, 479. 

Spike, 78. 

Spikclet, 7(5. 

Spines, (58, 510. 
Spinose-serrate, 59. 
SpinosuB, 06. 

Spinous, 07. 

Spiral embryo, 157. 

, fundaniontal, 45. 

growth, (550. 

ncavos), 45. 

, secondary, 45. 

— It- vessels, 510. 
Spongioles, 539. 
Sporanges, 154, 409. 
Spore-fruits, 427. 

Spores, 409, (521. 'V 

, resting, 441. 

, vitality of, 544. 

Sporocarps, 427. 
Sporogonium, 4i50. 
Sports, (542, 

Spur, 110. 

Sijurious dissopiiTients, 
131. 

Spurred petals, 110. 
Stamens, branched or 
compound, 120, 001. 

, characters of, 119. 

, dovolopment of, 

601. 

— of Qymnospermia, 
124. 

, number of, 124. 

Staminnde, 117. 
Standard, 111, 249. 
Starch, 501. 
Starch-graDultffi. 502. 

— M-, test for, 503, 
Statistics of vegetolion, 
096. 

Stellate cells, 478. 

Stems, 10,20. 

— , anatomy of, 525. 
— , development of, . 

. f 

— , regions of, 22. 


Stichidiuin, 439, 448. 
Stigma, 12, 133. 

Stigmas, clxaracters of, 
128. 

Stigmata bicruria, 127. 
Stings, 66, 524. 

Stipels, 54. 

Stipitate, 101. 

Stipules, 51, 53. 

Stock, 3(5. 

Stomata, 580. 

, development of, 

.591. 

Straight embryo, 157. 
Striate, 40. 

StrietiiB, 40. 

Strobilus, 1.52. 

Structure of anthers, 541. 

of flow'ers, 8(5, 510. 

of leaves, 5.3V). 

of ovules, 541. 

of petioles. 540. 

of roots, 533. 

of stems, .525. 

of thalamus, .542. 

Style, 12, 128. 

, characters of, 133. 

f r — , structure of, 541. 
Jtylospores, 4(54. 
Suberous layer, 524, 529, 
Submerged leaves, 05. 
Subrotund, 58. 
Substitution, 88, 10 1. 
SubuIaU?, 58, 120. 
Successive vi^orls, 48. 
Sugar, 404. 

, secretion of, .581. 

Superior, 98. 

ovary, 1.30. 

Su|)erpoBiiion, 91, 94, 

101 . 

Suppression, 93. 
Supradccom])OBite, 03. 
Surfaces of leaves, (55. 
Survival, 1(53. 

Suspended ovule, 1 38. 
Suspensor, 02(5. 

Sutural dehiscence, 123, 
142. 

Sutures of anther, 123. 

, dorsal, 129. 

, ventral, 1251. 

Swarm-spores, 014. 
SyconuH, 151. e 

Symmetrical flower, 91. 
S3'mpet4ilouB, 97 


Sympodo, 30, 82. 
SynoarpoUB fruits, 145. 

pistil, 130. 

SyngonesiouB, 97, 126. 
Synonyms, 107. 
SynsepalouB, 97. 

System, aerial, 514. 

, c^hdar, 514. 

, cortical, 514. 

, flbro- vascular, 515. 

V- , secretory, 51.5. 

ISystem of Beiithaiu and 
Hooker, 187. 

of Caruol, 190. 

of Braun, 188. 

of l)c Candolle, 

180. 

of ISndliclier, 18(5. 

of JuBsiou, ]8\ 

of Ijiiidley, ISvr 

of Linn® us, 181. 

Systematic botany, 158. 
Systems, art.illeial, 180. 

, Tiniural, 182. 

of classification, 

180. 

Tabular ci-lls, 478. 
Tiinuiii, 582. 

Tap-root, 10. 

3’ptith of calyx, 107. 
Tegmen, 137, 153. 

3’ela contoxta, 510. 
Teinporntiire of plants, 

(547. 

Tendrils, (57, 0.57. 
Tension, OtK). 

Teratology, 87. 

Terete, 40. 

3’crnary compounds, 578. 
Tcniate, (503. 
Temato-pinnato, 64. 
U'ertiary layers, 400. 
Testa, 130, 153. 
Tetradynamous, 124 k^ 
Tetrniiieroiis flowers, 91. 
Totraspores, 439, 447, 
014. 

Texture of loaves, (55. 
Thalamifloral, 98. 
TJialamus, 99, 100, .542. 

, development of, 

100 . 

, structure of, 542. 

Thallophyta, 9, 41 1, 435. 
■ — , morphology of, 411. 
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Twining, 4(). 
Tvloaea, 613. 
Typical flower, 91. 


Tli»iUopliyt4i, rci>ro»luc- 
tion of, 411, 435. 

ThalluB, 154, 409. 

Jled infl()re8Con<» m ‘ 

xillW.—.*:* Vni-,.- 

imry nxia), 1*^ 

593. 


, ^41 

Tissue, conductiug, Ml. 

, felted, 5ii>. 

, kinds of, 5tMi. 

j voseular, 51 (K 

Tissues, 475.^ 

Towientose, 05. 

Tidrus. «jc Tluilainus. 
Transitional forms, n7. 
Transpiration, 5()<, otih. 

Triadclphons, 120. 
Triandrous, 124. 
Triangular, 40. 

Tribes, 439, 447. ^ 
Trichogyuu. .»33. 

'rncliouie, 17, 5 U. 
Trigonous, 40. 

TYii I \ e rous Hu • 
Triniorpliisin, <>30. 
Trioeeious, 037. 
Trijiiunate, 03. 

TripinmitiUd, 01. 
Tripiunatisect, <’0. 

Triple-nerved, 55. 
Triquetrous, 40. 
Tristiebous, 43. 

Trunk, .*14. 

Tube of calyx, HO- 

of eoroUa, ll*- 

of receptacle, 9.1. 

Tubers, stem-, 28. 
^berous roots, W. 
^^27. 

Tubular, 101, lOo. 
Tufted. 47. 

Tunicated bulb, 20. 
q'urbinale, 108. 
U'urgescenco, 0U9. 
Turio, 3*2. ^ 


unijugatc, w... 

Unilocular iintnor. 1— >. 

ovary, 130. 

Union, 97. 

Unisexual, 93. 1 1*-. 
Urceolate, 108. 

Utricles, primordial, 43.). 
Ulriculus, 118. 

of (^irex, 117. 

Uva, 150. 


Vessels, annular, 51*2 
, development ot, 

591. 

,latioiferou8,5lo. 

j inoiiiliform, 510. 

j reticulated, 512. 

^ Rcalaritoriu, .512. 

, spiral, 510. 

. vesicular, 513. 

Vexillaryffstivutiou, lOo. 

Vexillum, 111. 

Villous, 0.5. ^ 

Vinegar-plant, ,5.)-. 
Viscous, Of*. . 
Viscuin, epidermis «1, 
.5*21. , 

Vitality of seeds and 
spores, .543. 

Volatile oils, 505, .)8l. 
Volvo, 403. 

Yolubilis, 40. 
Vorblttit,51. • 


Water-culture. .5.57. 
Wax, exeretiou ol, .>'^— 
Whorled, 42. 


Vacuoles, 490, .591. 

Vagina, 52. 

Vagimile of Mosses, 4ol. 

Vaivate, 73, .19.5. 

sestivation, 10»5. 

Volvo, ^"ZTn' 

Vtdvular (sutural) clolu- 

aoencoura„tl.or.l-J% • 

_ or friiUa. 14-.' Wood, r>lii. 

^ of Dioolylodoii,. 

Viiriolies, li>J. . 

, nature oi, 1*>3. pL 

Va» l.roi.ri». Mi M'>- ^ 

y „«:ular ti^ue. 4.(., olO. .v„,. 

XOlieH ol, .«>•'• . i. ^,.,17 

Vcgoittliveuiultiplication, Yucca, sUim ot, •>-(. 

„ rk S5r>iiCB of vegetation, 

LTof Lvea. fa,, .540. Z»o,iK.rang^45.>. 

,, r,,| 4.in. l)lT. 

VelauiPii radieuin o-l. 

Venation of leaves, 55. 

Vernation, 72. 

Versatile anther, 1-1. 

Verlicillaslcr, 84. 

Verticillate,42. -• 

VetjSfls, 470. 


/iOOBpwiuii(,i.‘, . — 

Zoospores, 438, t»l 4. 
, development of, 

584. 

^ emission of, 438^ 

j inoveiueni of, n{i2. 

Zygospore, 4.5i>, .>85. 
Zv^ote, 459. 
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